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Abstract 
In this thesis, we consider a maintenance model for some system with unob-
servable states in which the states of the system can only be identified by inspec-
tions. After each inspection, if the system is identified as in the down state, a 
repair action will be taken. The system finally will be replaced by a new and iden-
tical one. An optimal maintenance model, called inspection-repair-replacement 
model, is studied in this thesis. An optimal policy is determined for minimiz-
ing the long-run expected cost per unit time . Under some mild conditions, an 
approximately optimal policy can be obtained numerically. 
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Introduction and Review 
1.1 Introduction 
So far, most maintenance models assume that the state of a system is 
observable. However, in practice, it is not always the case. For example, weapons 
such as atomic bombs, missiles or shells are stored for an urgent need or an 
unexpected war. The top concern is whether they can be shot out at a critical 
moment. Of course, we are not willing to shoot out the atomic bombs for testing 
purpose. Instead, we inspect the system. Other examples happen in power 
supplies for a hospital or a steel - manufacturing complex. In order to improve 
the reliability of a production process, a standby system is installed. If such a 
standby system fails to operate when required, it will cause a large amount of 
financial loss even a catastrophe. In normal case, we will not put the standby 
system into operation. The state of the standby system is also not observable. 
In these examples, we identify the system state by inspections. 
•1 
The most research work in this topic has assumed a cost structure for inspec-
tion and repair, and derived inspection and repair policies which minimize the 
total expected cost of operation. Barlow and Proschan [1] described the average 
cost per unit time with perfect inspection and perfect repair. Wattanapanom and 
Shaw [17] studied a hazardous-inspection model for systems with exponential life 
distribution. Bulter [2] also dealt with a hazardous-inspection model in which 
the inspections have the potential of being harmful to the device. Thomas et al. 
15] introduced a discrete Markov decision process model for periodic inspection 
and maintenance procedure that maximize the expected time until a catastrophe 
occurs. See Luss and Kander [5], Luss [6], Milioni and Pliska [7], [8], Nakagawa 
'9], 6zekici and Papazyan [10], 6zekici and Pliska [11], Rosenfield [12], Ross [14 
for more references. 
In application, the state of the standby system is usually not observable but 
can be identified only by inspection. Since the standby system is important to 
the prevention of a catastrophe, it is necessary to study an optimal maintenance 
policy such that the availability is kept in a high standard at all time and the 
long-run average cost per unit time is minimized. However, researches in inspec-
tion models so far have not paid enough attention to the area of availability or 
reliability. 
To achieve this aim, Lam [3] has introduced a maintenance model for a standby 
system, in which the inspection-repair-replacement (IRR) policy is used. In his 
model, the failure of the system can be detected only through inspection. An 
optimal policy is a policy such that the availability of the system is always high 
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enough while the long-run average cost per unit time is minimized. Lam [3 
argued that the availability is more serious than the economical consideration. 
For a geometric model with an exponential distribution, he has suggested a simple 
algorithm for obtaining an optimal IRR policy. 
In this thesis, we consider a more general IRR model in which some restrictions 
can be much relaxed. Moreover, we also try to merge inspection time, repair 
time if any and replacement time into our model. Under some mild conditions, 
an optimal IRR policy can be obtained numerically. In the next section, we will 
first review the IRR model introduced by Lam [3]. In Chapter 2, we will discuss 
the general IRR model. A numerical algorithm is introduced in Chapter 3. In 
Chapter 4, some numerical examples are considered. The sensitivity analysis is 
also discussed. Some conclusions and comments will be given in the last chapter. 
1.2 Review 
First of all, suppose that at the beginning a new system is installed. The 
system state at time t is a binary random variable, 
f 
1 if the system is in the up state at time t, 
耶 ) = 、 
0 if the system is in the down state at time t. 
w 
Let the availability of the system at time t be 
A{t) = Pi{X{t) = 1) V t > 0, 
i.e., A{t) is the probability that the system is up (in working condition) at time 
t. 
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Since the state of the system is not observable, one can identify the state 
through inspection only. After inspection, if the system is judged to be in the 
down state, we then repair the system so that it will recover from the down state, 
if the system is judged in the up state, we do nothing. Some time later the system 
will be replaced by a new and identical one. 
In Lam's IRR model [3], an IRR policy (t1,t2,...，Wr’n; <^ ) is a maintenance 
乂 
policy in which t1,t2, . . . , tn are the inspection times, while tr,n is the replacement 
time with 0 < ti < t2 . . . < t^ < tr,n ，o: is the lower bound of the availability so 
that 
A(t) > a V t > 0. (1.1) 
Since an inspection may be imperfect, we can assume that an inspection iden-
tifies the down state correctly with probability p and incorrectly with probability 
q = 1 — p. Also, an inspection identifies the up state correctly with probability 
p' and incorrectly with probability q' = 1 — p'. Let ^1,^2,. •.， n^ be the avail-
abilities of the system at f^,t^,.. . ,t* respectively. Lam showed that A[t*)=氏, 
p + qGi-i > a, for i = l , 2 , 3 , . . . , n and A{t*J = a, where tJJ， ;^,...， :^ are the 
optimal inspection times and t*^ is the optimal replacement time. 
Under the IRR policy {h^h , . . . ,tn,tr,n*, < )^,迁 the system is identified in the 
down state, it will be repaired. Let /^  , C{ be the cost of the i*^  inspection and the 
cost of ith repair after the i^ ^ inspection (if any), and let Rn be the replacement 
cost. Moreover, a penalty cost at rate g{a) is incurred at all time. It is reasonable 
to assume that the inspection cost I{ and the repair cost Ci are non-decreasing in i, 
and the replacement cost Rn is non-decreasing in n. Since the replacement cycles 
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(the periods between two successive replacements) generate a renewal process， 
Lam suggested to choose an optimal IRR policy such that the constraint (1.1) 
is satisfied and the long-run average cost per unit time (or the average cost for 
simplicity) is minimized. By using the standard result in renewal reward process, 
the long run average cost per unit time is given by 
the expected cost incurred in a cycle 
‘ the expected length of a cycle 
After some algebra, we have 
C[h,h, . . .,ZnAn; a) = 1¾/,. + {p - {p 一 q')Oi)Ci + i^n]} /U,n + •)• (1.2) 
Since the determination of (ti，h,...，tn，‘，n;<^ ) is equivalent to that of 
{61,O2,...,On;a), the average cost C(ti,t2,.. . ,t^,tr,^;a) can be denoted by 
C^a(^i,^2,...,"n). Generally speaking, (1.2) is a difficult problem because it is 
a very complicated nonlinear programming problem. However, Lam [3] studied 
a geometric model with the exponential distribution, an optimal solution can be 
obtained through some simple algorithm easily. 
In this model, let Xi be the lifetime of the system after the {i — 1)认 inspection 
and repair (if any). Assume that Xi | X{ > 0, i = 1 ,2 ,3 , . . . follow a distribution 
Fi, where F{{x) = F{a''^x) for some a > 1. Suppose that F is the exponential 
distribution Exp(A) with density 
Ae"^^ X > 0, 




Theorem 1. (Lam [3]) 
For the geometric model with the exponential distribution, if 
a{Rn+2 — Rn+l) > Rn+1 — Rn, ^ 1 Tl 二 1，2, . •. 
then the minimum long-run average cost per unit time is given by 
min Ca{Ou 〜，...，On) = min C^(^, 6,..., 9) = m n C^{M{6)) (1.3) 
乂 6>oi � v» ^ if>a 
M{6) terms 
where 
M{6) = min{m : dm > 0} (1.4) 
with 
- 丄 /3l ( 爪 
dm = a^+' [/n,+i + SCra+^ + Rm+1 " Rm] ln ^ ^ -Ua-l)Y^Ii^aIm^^ 
• • � %—~ 1 
饥 1 1 � p + i/p 
+s (a-l)^C, + aC^+i + ai^^+i - Rm > ln ^^~^ 
- i=l J ) L -
S = p — (p — q')G • 
Theorem 1 is utilized to derive a finite algorithm for an optimal IRR policy. 
Furthermore, if the value of 9 is allowed to be in an interval [L, U] C (0,1), a 
numerical algorithm was suggested by Lam. The algorithm can be described as 
follows. � 
1. Divide interval [L, U] into k equally spaced subintervals 
L = e^o) < OiD < ^(2).. • < O^k) = u. 
2. For each 6 =〜)，i = 0,1, 2 , . . . , k, determine Mi = M ( % ) ) from (1.4). 
Then evaluate the values Ca(M("(i))). 
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3. By comparing the values of C^(M(%))), i 二 l ,2, . . . ,A; , choose the 
smallest value as the minimum Ca{M*), the corresponding policy 
(t*, t*,. •., t;,t*^; a) is an approximately optimal IRR policy. 
Lam's IRR model is an interesting model and should have a potential ap-
plication especially in the maintenance problem of a system with unobservable 
states or the maintenance problem for a standby system. In Lam's model, under 
the condition that the availability of the system is high enough at all times, an 
optimal IRR policy is determined such that the long-run average cost per unit 
time (or the average cost for simplicity) is minimized. 
Nevertheless, there are some shortcomings in Lam's IRR model. Firstly, the 
model assumes that the conditional lifetime distributions Fi satisfy Fi{x)= 
F{a'-^x) for some a > 1 and F is the exponential distribution Exp(A). This 
assumption seems to be too strong. Secondly, the inspection time, the repair 
time, and the replacement time are all negligible. It looks not realistic in real 
situation. Consequently, the scope of application is then limited due to these two 
strong assumptions. To overcome these weak points, we shall study a general 
IRR model in the next chapter. 
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Chapter 2 
A General IRR model for a 
system with unobservable states 
2.1 Model and Assumptions 
We study a general IRR model by making the following assumptions. 
Assumption 1. 
Assume that at the beginning, a new system is installed. It will be replaced 
by an identical new one sometime later. Let Xi be the time period of the system 
being in the up state since the installation or the last replacement. In general, 
for i > 1, let Xi be the time period that the system being in the up state after 
the {i — 1)认 inspection, and repair if any. Assume further that 
(1) Pr(Xi = 0) = 0, 
(2) Xi I Xi > 0 � F i i = 1 ,2 ,3 . . . , 
8 
(3) {Fi ， i = 1,2，...} is stochastically decreasing in the sense that for all 
a: > 0 and i = 1,2，.. .，Fi{x) < Fi+i(x). • 
Assumption 2. 
An IRR policy (51,52,..., 5 ,^ 5,,^； 0) is applied, in which s“ i = 1 ,2 , . . . ’ n, 
is the time interval between the completion of the {i - 1)认 inspection(and repair 
if any) and the i*" inspection, 5^ ,n is the time interval between the completion of 
the 71仇 inspection(and repair if any) and the replacement followed. Let U be the 
time of i^ inspection, and tr�n be the replacement time. Then 0 < h < h . . . < 
t^ < tr,n. Let 0 be the availability of the system at times t1,t2,.. .,tn and 艺『，打， 
which is assumed not less that a, i.e., 
‘ 
A{ti) 二 6> i = l,2,...，n, 
^ A{tr,n) = 0, (2.1) 
e > a. 
V 
An inspection can identify the down state correctly with probability p and 
incorrectly with probability q = 1 - p. Also, an inspection can identify the up 
state correctly with probability p' and incorrectly with probability q, = 1 一 p'. 
Assume that an inspection does not change the system state and a repair is always 
effective. • 
Assumption 3. 
Let the i^ ^ inspection time be Y；-, and let the repair time followed (if any) 
be Zi and the replacement time be W. Denote E{Yi) = A,-, E{Zi) = " “ and 
E{W) = T. Assume further that A,-, fM are both non-decreasing in i. • 
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Assumption 4. 
Under an IRR policy (s1, <s2,. •.， n^, «s�n; ^), we assume that the cost of the i^ ^ 
inspection is Ui , the cost of the repair after the i^ inspection (if any) is K", while 
the replacement cost is R. Moreover, a penalty cost with rate g{0) is incurred 
at all times. Denote E{Ui) = I“ E{Vi) = Ci. Assume further that /,• and Ci are 
both non-decreasing in i. g{9) is non-increasing in 6. • 
y 
Assumption 5. 
Let cj 二 p 一 (p - q')d, then the following condition is satisfied: 
h ± ^ > 入+1 + — … f o r all z. • 
Ii + ooCi 一 /i+i + ojCi+i 
Now, we make some remarks to the assumptions of our model. Assumption 
1 depicts the structure of lifetime distribution of the system as well. Part (1) is 
trivial since a new system is installed at the beginning. In Part (2), we consider 
the conditional distribution of X “ given that Xi > 0, instead of the distribution 
Xi itself because we assume that a repair is always effective such that once a repair 
is carried out the system will be in the up state for a certain non-zero time period. 
Thus, the event Xi > 0 is equivalent to that the system is in up state after (z-l)^^ 
inspection and repair, if any. Part (3) of Assumption 1 is also plausible because 
of the system deterioration and the aging effect. An inspection plus a repair (if 
any) is an interruption of the system. An interruption may destroy the regular 
functioning condition of the system and may cause the system deterioration. 
In Lam's IRR model, the availability at inspection times are not fixed but by 
no means less than a. However, Theorem 1 shows that, by using an optimal policy, 
the availability must be the same at all inspection times. Although this result is 
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only applied to the case of the geometric model with the exponential distribution, 
it enlightens us on the study of the general IRR model, we can consider a simpler 
case that all the availability at inspection times and replacement times are all 
equal to a constant 9 and 6 > a. Eventually, this restriction of equal availability 
at inspection times can ease the minimization problem a lot. Therefore, the 
assumption of equal availability at all inspection times, is made in Assumption 
2. 
In Lam's IRR model, the inspection times, the repair times if any, and the 
replacement time were assumed to be negligible. As mentioned in Chapter 1, it 
doesn't match the real situation and should be overcome by introducing a more 
general assumption. In Assumption 3, we assume that the i& inspection takes 
Yi unit of time, the i^ ^ repair (if any) takes Zi unit of time, and the replacement 
lasts W unit of time. 
< _ S,——>—Yi+<~ S2_><• Y ^ < _ Z ^ 4 ^ S3— <>Y«^^rt"»<__Sr’n*~_>^W~» 
• K • K K • •“ >< ^ • 
0 ti t2 t3 tn tr，n 
The above graph shows a realization of the system process. At the beginning, 
a new system is installed. The system is inspected at time ti (= Si) and the 
inspection takes Yi units of time. The inspection identifies it as up, therefore no 
repair is made. After <S2 time units, the second inspection takes place at time t2. 
Now, the inspection lasts for Y2 time units and identifies it as in down state. A 
repair follows and it lasts Z2 units of time. This procedure continues until the 
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completion of the n& inspection which takes Yn time units, and followed by a 
repair for Z^ time units. Afterwards, the system is replaced by an identical new 
one Sr，n time units later, and it takes W units of time. Note that the general 
IRR policy defined here is different from that defined in Lam's paper [3]. Here, 
the IRR policy is defined on the basis of time interval between completion of 
inspection (and repair if any) and the next inspection. However, in Lam's IRR 
model, since the inspection and repair time are all negligible, we can directly 
define the IRR policy based on the inspection times. 
It is easy to see that ，々Si, Yi, Z “ W satisfy the following equations: 
, 
ti — ti-i = Yi-1 + Zi_i • Xpi-1 + 5i i = l , 2 , . . .n , 
< (2.2) 
tr,n - tn = K + & . * + <5r,n, 
where 
‘ 




with to = 0, Yo = 0 and Zo = 0. 
In Assumption 4, E[Ui), E{Vi) are non-decreasing function in i. According to 
our practical experience, it seems true that the later the inspection(and/or repair) 
taken, the more the complexity accumulated, and the higher the cost incurred. 
The penalty cost rate g{9) would be non-increasing in 9, due to the fact that the 
higher the availability 6 adopted, the less the penalty charged. 
Note that the inspection cost and repair cost defined in the general IRR 
model is also different from that defined in Lam's paper [3]. In Lam's IRR 
model, inspection cost /^  and repair cost Ci were assumed to be known and non-
12 
decreasing in i. Here, we adopt a more general case that the inspection cost and 
repair cost are stochastic in nature. 
Further, inspection cost and repair cost may be correlated to the time length 
of inspection and repair respectively. Therefore, as a special case, we may assume 
that the inspection cost and repair cost are proportional to the time length of 
inspection and repair. Under this setting, we may have the following assumptions. 
Assumption 4'. 
Under an IRR policy {s i ,s2 , . . . , 5^, 5,,^； "), we assume that the inspection cost 
and repair cost are proportional to the inspection time and the repair time. Let 
the inspection cost rate be I, and the repair cost rate be C. Then the cost of the 
ith inspection is Ui 二 IYi and the cost of the repair after i^ ^ inspection (if any) 
is Vi 二 CZv The replacement cost is R. Furthermore, a penalty cost with rate 
g{9) is incurred at all times. • 
Assumption 5'. 
Assume that one of the following conditions satisfies: 
(1) C > I and ^ > ^ for all z, 
\ ) — A^i — Mi+1 ‘ 
(2) C < I and ^ < ^ for all i. • 
\ , — Mi — Mt+1 
It is easy to show that Assumptions 4, and 5, imply Assumptions 4 and 5. 
Readers may wonder the rationale behind Assumption 5 but it will come clear 
later. However, the interpretation of the conditions in Assumption 5' are quite 
obvious. Condition (1) means that the repair cost rate is higher than the inspec-
tion cost rate, and the expected repair time increases faster than the expected 
13 
inspection time. A similar interpretation can be applied to Condition (2). 
2.2 Long-run average cost per unit time in-
curred in a replacement cycle 
Clearly, the replacement cycles, i.e., the periods between the completion of 
y 
two successive replacements wiU generate a renewal process. Thus under the IRR 
policy (si ,52, . . . , <Sr,n; <9), by applying the standard result in renewal reward pro-
cess(See Ross [13]), the long-run average cost per unit timeC(<Si, <S2,..., Sn,Sr,n] 0) 
is given by 
the expected cost incurred in a cycle (2 3) 
the expected length of a cycle 
Our aim is to determine an optimal IRR policy such that the long-run average 
cost per unit time is minimized. To this end, at first we note that Sr,n = � + i . 
Followed from (2.2), the denominator of (2.3) is given by 
Tr,n = E{tr,n + W) 
=E[J2{yi-l + ^t-l • ^i-l + ^i) + Yn + ^n • ^n + 5,,, + W)] 
i=l 
=J2�+ E [五⑷+、丑(么).聊0] + � + 丁 
1=1 t=i 
n + l n 
= X > + E ( A , + o ; " 0 + T (2.4) 
t = l i=l 
where 
u； = E{^i) 
= P r ( i ^ inspection identifies the system as in down state) 
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= P r ( i * " inspection identifies the system as in down state | X{U) = 1) . Pr(X(t,) = 1) 
+ Pr(i*" inspection identifies the system as in down state | X(ti) = 0) • Pr(X(t,) = 0) 
=eq ' + (1 - e ) p 二 p — (p — q')e. 
The numerator of (2.3) includes the expected inspection cost, the expected 
repair cost, the expected penalty cost incurred in a cycle and the replacement 
^ cost. It is equal to 
E i^p[Ui + y . . H + R + g m r . n + ^ ) } 




Thus, the long-run average cost per unit time is given by 
C(.1,约，•..，〜，�’n; e) = { f j [ / , + C^a-] + R^ /Tr,n + 淋 (2.5) 
In Chapter 3, a finite algorithm for minimizing the objective function (2.5) 




3.1 The Key Point and the Local Turning Point 
of the average cost 
Our problem so far is to minimize C(5i,52,...,5n,5^,n;<^) among all IRR 
policies (51,52,..., 5n,〜，n; 0). It is a complicated nonlinear programming problem 
and is not easy to solve analytically. An alternative way is to find an algorithm 
so that the minimization problem can be solved numerically. 
According to Assumption 2, we have A{ti) = A(<si), and 
e = Fi{X{si) = 1) 
= P r ( X i > 51 I X(Zo) = 1) • Fi{X{to) = 1) 
二 Fi{si). 
Thus 
s, = F , - \ l - e ) , (3.1) 
16 
where Fi is the survival function of Xi , and F ; i is the inverse function of F [ 
In general, from (2.1) and Assumption 1, we have, 
e = Fi{X{ti) = 1) 
=Fr{X{U) = 1 I X(ti_i) = 1) . Pr(X(ti-i) = 1) 
+ Pr(X(t,) = 1 丨雄一1) = 0) . Pr(X(t,_i) = 0) 
二 Fi{Xi > Si I X(ti_i + K - i + 么-1 .也一1) = 1) . ^  
+ Fv{Xi > Si I X(t,_i + K - i + Zi.i) = 1) • p{l - 0) 
= F i { s i ) ' { p ^ q e ) . (3.2) 
Thus 
、 • 确 - 力 . （3.3) 
Similarly, due to the fact Sr,n = Sn+i, we have 
、 一 咖 - 知 （3.4) 
On the basis of (3.1.), (3.3) and (3.4.), 5i, 63, •.., 5^ and 5^,. can be determined 
if Fi, i = 1 ,2, . . . and 0 are known. Therefore, we can use C(n, 6) to denote the 
average cost, i.e., 
C{n,9) = C(5i,52,...,5n,5r,n；^)-
Theorem 2. 
Under the IRR policy (s^,...,Sn,Sr,n;0), the availability A{t) > a for 
0 < t < tr,n. • 
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Proof. 
We first consider the availability at time t which satisfies 
ti-i + K - i + Zi_i . 0i_i < t < t“ i == 1，2，.. .，n + 1， 
with tn+l 二 tr,n. Let 
(^,-二;^一（“一1 + ^；-1 + 左-1.也-1) , i = l , 2 , . . . , n + l , 
then di < Si. From (3.2), we have 
A{t) = F,{di)-{p^qe) 
> Fi{si)-{p + qO) 
=0 > a 
If t is the time in an inspection period or a repair period, according to As-
sumption 2, an inspection does not change the system state and a repair is always 
effective, the availability is the same as at the beginning of the inspection. There-
fore, A{t) > a for all 0 < t < ‘’打. • 
Lemma 1. 
{sn,n 二 1 ,2 , . . . } is an non-increasing sequence. • 
Proof. 
Since {F“ i = 1，2,...} is stochastically decreasing, F'^x) > F-^\{x). Then 
(3.1) implies that 
si = F-i(l - .) > 广1(1 - ^ ) > i ^ i ( l - ^ ) = … 
In general, 
、 = 斤 1 ( 1 - 力 滩 1 - 力 二 叫 1 V i . • 
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By noting that 5,,^ = 5^+1, we have 
«51 > 52 > 53 . . . > Sn > Sr,n = «Sn+l. (3.5) 
Now (2.5) can be rewritten as 
n 
I^[/z + cjQ + R 
C M = ^ ^ ^ +州） 
丄r’n 
. = = ^ + m , 
丄r,n n 
where B^ = |J[/, + ^CJ + R. Denote A ( . , ^) = C�n + 1, ^ ) _ C ( n ,昨 then . 
&M = T r , 
lr’n • J-r,n+l 
where 
、=^+l.Tr,n-^.i;,_l 
'^ fn+l n 
=22i^i + ^Ci) + R . E 6. + ;^(A, + U^,) + r 
L=1 � L i = l t=i 
A/r 卜+2 n+1 1 
一 E ^ + ^C,) + R . E^^- + E(^.- + ^/^0 + r 
L=1 J li=l i=i _ 
/ n + l n \ 
= ( 4 + i + u ; C n + i ) - E^i + E(^i + ^Mi) + r] 
Vi=i i=i J 
/ n \ 
一 TXli + ^Ci) . (5,+2 + A,+1 + o ;^+i) 
\Z=1 / 
- R (<Sn+2 + Vhl + _ n + l ) . (3.6) 
Then 
�+l — 6n = (/n+2 + ^C.+2) • (ES^ ^. + Ea^(A. + —�+ r) 
—(/n4-1 + ^Cn4-1) . (E?=Y .^ + E?=i (A, + — 0 + r) 
一 {Y:?=l{Ii + U;Ci)) . (5^+3 + An+2 + C "^n+2) (3.7) 
+ (ELi(/^ + u;Q)) •(�+2 + A,+1 + u;",+i) 
+i^ Cs^ 2 一 � + 3 ) + R[{Xn+l - A,+2) + 0;("_i _ ;^时2)]. 
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After some algebra, we can show that 
<^n+l - Sn = Ai + ^2 + A3 + A4, 
where 
Ai = ( / n + 2 + w C U 2 + i ^ ^ S n + 2 - ( J n + l + w C U l + ^ S n + 3 , 
n 
A2 = X)(/t + UjCi){Sn+2 一�Sn+3) , 
V i=l . • n 




- ^ { I i + L^Ci) (An+2 + _ n + 2 - K^1 _ W"n+1) 
-Z = 1 -
+ (/n+2 + ^C'n+2)(An+l + ^A^n+l) - (ln+l + ^C'n+l)(An+2 +�/^n+2)， 
/n+l \ 
A4 = E Si + 丁 [{In+2 一 In+l) + ^{Cn+2 一 '^n+l). 
Vi=l / 
-R [{K+2 一 An+l) + Uj{fJ,n+2 一 "n+l).. 
First ofall, it is easy to see that Ai and A2 > 0 since In+2 > h+i , Cn+2 > Cn+i 
and 5n+2 > <Sn+3. In the next place, we are going to find some conditions so that 
As and A4 are greater than zero, and S^+i 一 n^ > 0 consequently. 
To this end, let hi 二 A,. + co/J^ i, k = U + uoCi, then hi and k are both non-
. . h{ hi+i . 
decreasing in i. Moreover, Assumption 5 implies that — > - — V z. 
2^ ^i+l 
Consider 
K+i K+2 — ^n+i — K+1K+2 — hn+2K+1 
K+1 � + 2 - ^ n + l K+l{K+2 - K+l) 
— ^n+2 f ^n+l 一 � + 2 � � Q 
kn+2 — K+1 V ^ n+l K+2 / 
Therefore, under Assumption 5, 
h > ... > ^ > ""+2 - "n+i for z = l,2,...,n. (3.8) 
ki 一 一 kn+l ^n+2 — ^n+l 
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Lemma 2. 
Under Assumption 5, A3 > 0. • 
Proof. 
mm 1 n 
As = Yl{Xi^LOfli) [{In+2 + i^Cn+2) - (4+1 + <^Cn+l)[ 
.i=l -
p. n n 
-^(/i + ^Ci) [{Xn+2 + /^^ n+2) - (An+1 + /^^ n+l)： 
.i=l 
+ (/n+2 + C^C'n+2)(An+l + ^ A^n+l) - {h+l + ^ C'n+l)(An+2 + W/^ +2) 
- n r n n n J^ 
= X ) hi {kn+2 - ^n+l) 一 ^ ki {hn+2 一 "n+l) + K+2K+l — K+lK+2 
二 t{k.(k.,. - iWi) [^ —‘广 -：叫 I + � + i A : � [ ^ - ^ ‘ 
e i ' � + 十 7 ki kn+2 - K+1 . J kn+1 n^+2. 
1一 上 、 ^ 
> 0. 
The last inequality is due to (3.8). • 
Lemma 3. 
Under Assumption 5, let 
„ W = n . n { n > 0 : | . + . > i . ( ^ ) } , (3.9) 
then for any n > n{0), A4 > 0. • 
Proof. 
For any n > n{0), it follows from (3.9) and Assumption 5 that 
打^ ? n ( p i ^ ^ Z ^ Q + _ W i ) > . ( K ± ^ \ _ ^ (3 10) 
S � + T 2 S 〜 叫 / 一 " . 广 ( 4 + ‘ ) - 1 ( 謂 ） 
Then (3.10) yields that for n > n{6), 
A4 > R ^{kn+2 - K+l) - {hn+2 " ^n+l) 
_ ^ n -
= R [ K , 2 — K..) [ t - llllZlZ] ^ 0. 
Once again, the last inequality is due to (3.8). • 
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Note that in (3.9), the left hand side of the inequality is nondecreasing, while 
the right hand side is nonincreasing, therefore there exists an unique integer n{6) 
(may be oo) such that (3.9) holds. 
By Lemmas 2 and 3，it is easy to verify that Sn i^ - n^ > 0 for all n > n{0). 
Consequently, 8^ is increasing for all n > n{0). Now, we can define 
m{e) = mm{n:n>n{e), 8^ > 0}. (3.11) 
Note that m{e) is the smallest integer n such that 8^ > 0. For any n{9) < n < 
m(6>), 8n < 0 implies C(n + 1,") < C{n,0) and an optimal solution has not been 
attained. For any n > m(<9)，since 6^ > 0 and is increasing which further implies 
C{n + 1,6) > C(n, 6>). Thus, C(m(6>), 9) is the local minimum of the average cost 
for n > n{0) and fixed availability 6. Therefore, m{0) may be called the local 
turning point of the average cost. From (3.11), it is clear that i f � � > 0, then 
m{0) = n(<9). 
Therefore, in searching for the global minimum of the average cost for a given 
availability 6^  we can compare the average cost C(m(6>), 6) with the ^min^ C{n, 6). 
Obviously, n{0) is the key point for determining the minimum of the average cost 
C{n,0). In fact, we have shown the following theorem. 
Theorem 3. 
Under Assumptions 1-5, we have 
r / M 
minC(n,0) = mm min min C{n,e),C{m{e),e) (3.12) 
n,e e [ \n<n{e) / _ 
where n{d) and m(6') are defined by (3.9) and (3.11) respectively. _ 
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3.2 A Finite Algorithm 
By using Theorem 3, a finite algorithm for minimizing C{n, 0) can be adopted 
in the following way. 
(1) Divide interval [a, 1] into k equally spaced subintervals 
“ oi = 6>o < 01 < O2 .. • < Ok < 1 
Oj^  is less than 1，instead of being equal to 1. Otherwise, if h = 1，then from 
(3.1), (3.3) and (3.4), we will see that 5,-, i = l , 2 , . . . , n and 5,,„ are all 0. 
The IRR policy is (0,0, . . •, 0; 1), it is unrealistic and must be excluded. 
(2) Start with i = 0, for given value <9“ determine 51,53,..., Sr,n from (3.1), (3.3) 
and (3.4), then determine n{6i) and m{Oi) from (3.9) and (3.11) respectively, 
such that 
f ^ # \ / A ^ + ^ X 1 
• ) = m i n | n > 0 : g . . + r > i ^ | ^ ^ ^ ^ ^ j | , 
m(6>i) = min {n > 0 : n > n(6^), 6^ > 0 } . 
(3) Compute C(n,6>,) for all n < n{Oi) and C(m(6>i),6>i). Then evaluate 
C{n*{ei) ,Oi)=mm min C ( n , & ) , C ( m ( & ) , q . 
n<n(^ t) 
(4) Move i to i + 1, go back to step (2) and continue up to i = k. 
(5) Finally, the global minimum is equal to 







The corresponding IRR policy (5*, s；,. •., 5；, 5； ;^ <9*) is approximately an 
I 
optimal IRR policy. • 
Obviously, the algorithm is always finite. Therefore, we can find approxi-
i 
I 




































Numerical examples and 
sensitivity analysis with 
discussion 
4.1 Weibull Distribution Case 
In this section, we study an example of the Weibull distribution. 
Suppose the distribution of Xi | Xi > 0 follows the Weibull distribution 
W{a, hi) with density 
ahiX^-^e- '^^ ^ X > 0, 
m = < 
0 otherwise. 
Hence for x > 0, 
爛 二 1 - 6 乂 
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and for 0 < x < 1, 
K-i ( : )=p^^r . • j 
In this example, the following parameter values are chosen as the standard 
values for comparison: p = 0.95, p' = 0.95, a = 2, k 二 0.49 + O.Oli, A, -= 
0.01 + O.OOH, fii = 0.1 + 0.001z, for i = 1,2,3, . . . . Inspection cost and repair 
cost are assumed to be directly proportional to the time length of inspection and 
repair with rate I = 50 and C = 30 respectively. The expected time length 
of replacement is 2 and the replacement cost is 80. The penalty rate g{0)= 
100 (表 一 1). The lower bound of availability a is 0.9. It is easy to check that 
Assumptions 1, 2, 3, 4，and 5，hold for this example. 
Next, we divide the interval of 0 G [0.9,1) into 50 equal spaced subintervals so 
that 6k = 0.9 + 0.002k , k = 0 , 1 , 2 , . . . , 49. To demonstrate the existence of the 
local turning point m(6>i) for any 队.We write a Fortran programme to calculate 
the average cost C(n, 0) from n 二 0 to n 二 500 for 0 = 0.9,0.945,0.99. We then 
plot the average cost C(n,0) versus the number of inspections n. In Figures 1-3, 
each exhibits that C(n, 0) has a local turning point. Here, 0“ n(&), m(",) , n*(6^), 
and C{n*{6i),0i) are listed as follows: 
6i n{0,) m{6,) n*(&) C(n*(^,M 
0.9 1 43 43 18.6929 
0.945 1 44 44 15.2761 
0.99 1 43 43 18.7094 
Note that in all cases, n*{6i) = m{6i). 
In Figure 4, we plot the average cost versus different values of^. The minimum 
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average cost in Figure 4 is based on the optimal policy for a given 0. The graph 
looks like a convex curve, which agrees with our intuition that policies with too 
high or too low availability are not feasible. If the availability is too high, the 
inspections and the repairs (if any) will be too frequent and it yields a large 
amount of inspection cost and repair cost. On the other hand, if the availability 
is too low, the cost compensate for the penalty will become very high. 
Given the standard values of the parameters, according to the finite algorithm, 
we have the following optimal IRR policy: 
Optimal number of inspections : n* = 44. 
Optimal availability at inspection times : 9 = 0.960. 
Optimal times: 5*,, i 二 1,2,. • •, 44. 
0.286 0.276 0.273 0.271 0.268 0.266 0.263 0.261 0.259 0.257 
0.254 0.252 0.250 0.248 0.246 0.244 0.243 0.241 0.239 0.237 
0.235 0.234 0.232 0.231 0.229 0.228 0.226 0.225 0.223 0.222 
0.220 0.219 0.218 0.216 0.215 0.214 0.212 0.211 0.210 0.209 
0.208 0.207 0.205 0.204 
Optimal time : 5*^ * 二 0.203. 
Minimum average cost : C(<sj;, 5^,.. ., 5*,,*;^*) 二 14.968. 
The results are also tabulated in Tables 1-6. The parameter values are located 
in the first row. The availabilities , the minimum average cost and the number of 
inspections are calculated and reported in the second, the third and the fourth 
rows respectively. Then the optimal policies are followed. Moreover, Tables 1-6 
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give the minimum average cost and the optimal IRR policy for different parameter 
values. 
4.2 Gamma Distribution Case 
In this section, an example with the gamma distribution is studied. First of 
. all, we assume that X . | JC‘ � F ” i = 1,2,. •., where Fi{x) = F ( ( l + 0 .01(z - l ) )x ) , 
where F is the gamma distribution r ( a , ^ ) with density 
f f ^ ) = ^ x ^ - ^ e - ^ ^ 0 < 0； < o o , a , |3>0. 
J \ ^ T{a) 
The following parameters values are chosen as the standard values for sensi-
tivity analysis in the later section: a 二 5, |3 二 0.5, p = 0.9，p' = 0.9, A,- 二 0.2, 
",• 二 0.3, Ii = 5(1 + 0.02(z 一 1)), C, 二 8(1 + 0.02(i — 1)) for z = 1,2，.. •• The 
penalty rate 双⑷ = 5 (1 — � ” ) , f o r d > 0.9. The lower bound of availability 
a is 0.9. The expected time length of replacement r and the replacement cost R 
are 3 and 200 respectively. It is easy to show that Assumptions 1-5 hold. 
Similar to the example of the Weibull distribution in Section 4.1, we apply 
the finite algorithm to find an approximate optimal policy in which the interval 
e e [0.9,1) is divided into 50 equal spaced subintervals for searching. For 0 =0.9, 
0.945 and 0.99, we calculate the average cost C{n,0) from n = 0 to n = 500 
for verifying the existence of the local turning points. Figures 5-7 are similar to 
Figures 1-3 which plot the average cost versus number of inspections. Tables 7-14 
give the minimum average cost and the optimal IRR policy for different param-
eters values. Again, 6>“ n(<9,), n*(<9,) and C(n*(6^),"i) are tabulated below. Note 
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here that in all cases, n*[9i) = m(Oi). 
9i n{6i) m{eiY n*(&) C(n*(&),^) 
0.9 1 40 40 8.1679 
0.945 1 40 40 6.3971 
0.99 1 41 41 5.8472 
y 
In Figure 8, the minimum average cost for given Oi is plotted against 0i. The 
graph once again exhibits a convex shape. By applying the finite algorithm to 
the standard values of parameters, the optimal policy is given as the following: 
Optimal number of inspections : n* 二 41. . 
Optimal availability at inspection times : 6 = 0.980. 
Optimal times: 5*, i = 1 ,2 , . . . ,41. 
3.059 2.947 2.918 2.890 2.862 2.835 2.808 2.782 2.756 2.731 
2.706 2.682 2.658 2.634 2.611 2.589 2.566 2.544 2.523 2.502 
2.481 2.460 2.440 2.420 2.401 2.381 2.363 2.344 2.326 2.308 
2.290 2.272 2.255 2.238 2.222 2.205 2.189 2.173 2.157 2.142 
2.126 
Optimal time : 5*^» = 2.111 
Minimum average cost : C(s^, 5^,.. •，5*^»;^ *) = 5.597 
The results are also tabulated in Tables 7-14. Furthermore, Tables 7-14 also 
give the minimum average cost and the optimal IRR policy for different parameter 
values. 
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4.3 Exponential Distribution Case 
In this section, an geometric model with exponential distribution is studied. 
Assume that Xi | Xi > 0 � F i , i = 1,2,. . . , where Fi{x) = F{a'-^x). F is 
exponential distribution e x p ( 7 ) with density 
7e_"z a: > 0, 
M ^ ) = 
“ 0 otherwise. 
\ 
Hence for x > 0, 
F,(x) = F(a'-'x) = 1 - e-，*-i� 
and for 0 < x < 1, 
斤1 (工 )二 _ 1 ^ - 1 (工 )二4 ^ . ^ 1：1 ^ , z = l , 2 _ . . 
‘ \ , a^-i \ ’ a'-i - 7 
The following parameters values are chosen as the standard values for com-
parison: 7 = 1.0, a 二 1.025, p = 0.9, p' = 0.9, h = 0.5, Ci = 1.5 for i 二 1,2, . . . . 
The penalty rate g{0) = 100 (表 一 1). The lower bound of availability a is 0.9. 
The replacement cost R is 20. Time lengths of inspections, repairs (if any) and 
replacements are all assumed to be negligible. Obviously, Assumptions 1-5 are 
satisfied. � 
Note that this example is eventually a special case of the general IRR model 
in which inspection times, repair times and replacement times are assumed to 
be negligible. Moreover, it satisfies all the conditions of Lam's IRR model [3 . 
Therefore, the optimal policies obtained by using the general IRR model or Lam's 
IRR model [3] should be the same. 
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For the following three 0 values, the key points, the local turning points, e.t.c. 
are calculated. The results are given below. 
di n{6i) m{9iy n^{6i) C(n*(^)，^) 
0.9 1 37 37 89.6503 
0.945 1 38 38 69.0133 
“ 0.99 1 39 39 201.078 
Figures 9-11 plot the average cost C{n,0) from n = 0 to n 二 500 for 0 =0.9, 
0.945, 0.99. A local turning point appears in each figure. Figure 12 plots the 
availability against the minimum average cost. Just like Figures 4 and 8, once 
again it exhibits a convex shape. Applying the finite algorithm to the standard 
values of the parameters, the optimal policy is given as the following. 
Optimal number of inspections : n* = 38. 
Optimal availability at inspection times : 9 二 0.946. 
Optimal times: s*, i = 1 ,2 , . . . , 38. 
5.55E-02 4.89E-02 4.77E-02 4.65E-02 4.54E-02 4.43E-02 4.32E-02 
4.21E-02 4.11E-02 4.01E-02 3.91E-02 3.82E-02 3.73E-02 3.63E-02 
3.55E-02 3.46E-02 3.37E-02 3.29E-02 3.21E-02 3.13E-02 3.06E-02 
2.98E-02 2.91E-02 2.84E-02 2.77E-02 2.70E-02 2.64E-02 2.57E-02 
2.51E-02 2.45E-02 2.39E-02 2.33E-02 2.27E-02 2.22E-02 2.16E-02 
2.11E-02 2.06E-02 2.01E-02 
Optimal time : s;^.=L96E-02 
Minimum average cost : C(s*, 5^,. •., 5*^ .； *^) = 68.9715 
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Tables 15-20 show the optimal policies for different parameters values. Note 
that the optimal policy obtained here agrees with the optimal policy given by 
Lam's IRR model. This means that our IRR model is a generalization of Lam's 
IRR model. 
4.4 Sensitivity analysis 
Sensitivity analysis is to study the behavior of the optimal policy due to 
a change in the parameter values. In this section, we are going to analyze the 
behavior of an optimal IRR policy when one of the parameters in the model varies 
while the others are kept unchanged. In practice, the values of the parameters 
are unknown and have to be estimated. If some of the parameters in the model 
cannot be estimated accurately, the change in the values of the minimum average 
cost due to a change in the values of the parameters is of particular interest. 
Now, suppose that only one parameter is estimated inaccurately, but the other 
parameters are correctly estimated. Based on the estimates of the parameters, 
an "optimal policy" is derived. This "optimal policy" is not really the true 
optimal policy, we can then call the "optimal policy" as the estimated policy. The 
corresponding availability is called the estimated availability. The corresponding 
"minimum average cost" is not the true minimum average cost and is called the 
estimated average cost. They are tabulated in the second and third rows of 
Tables 1-20. By applying an estimated policy to the true parameters, the average 
cost is the true average cost (but not the minimum). Obviously, the estimated 
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policies based on the inaccurate estimates of parameters are different from the 
optimal policy based on the true parameters. Thus, the number of inspections, 
the availability and the inspection times may be quite different. 
Our main concern is two-folded. Firstly, we may want to know whether this 
estimation error will cause a large amount of rise in average cost. If the average 
cost is much higher than the minimum average cost, the IRR policy itself will 
j 
become vulnerable because just a minor error in parameter value will cause a 
huge amount of cost burden. If it is really the case, we should pay more attention 
on the estimation procedure of parameters in the model, and perhaps we should 
modify our model to overcome this shortcoming. Secondly, we may want to know 
if the estimated policy is applied to the true parameters, whether the availability 
will maintain high enough, still be greater than the preassigned lower bound a 
say. 
Sensitivity analysis of the Weibull distribution example. 
Assume that the standard values are taken as the true parameters, the avail-
ability at inspection times are 0.96 and the average cost is 14.968. In the study 
of the sensitivity study, we want to know whether an inaccurate parameter will 
cause a great amount rise in average cost and whether the availability will be less 
than the lower bound, 0.9 say. 
In Tables 1-6, the true values of parameters and the true minimum average 
cost are marked by an “*，，. The estimated parameters are located in the first 
row. Based on the estimated parameters, estimated IRR polices are formulated. 
When we apply the estimated IRR policy to the true parameters, the availabil-
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ities at inspection times will no longer be the same as that obtained by using the 
optimal policy. The estimated polices {s1,s2, •.. ； Sr,n} and the true availabilities 
at inspection times are listed in the corresponding columns under the headings of 
Si and e. Finally, the true minimum availability of using an estimated policy to 
the true parameter, the true average cost and the efficiency are reported in the 
last three rows at the bottom of each table. Note that the efficiency of a policy 
is defined as the ratio of the minimum average cost to the average cost of using 
the policy. 
For example, in Table 1, if a is inaccurately estimated as 1.5, the estimated 
poHcy takes 41 inspections with 5^ , i = l , 2 , . . . , 41 as 0.237, 0.226, .. . ,0.155, 
and Sr,n = 0.154. By using the estimated policy to the true parameter value 
a = 2 , the availabilities at Si are 0.972, 0.973, . •., in which the true minimum 
value of availability is 0.972. The true average cost ( but not the minimum) is 
15.870. Since the minimum average cost for a 二 2 is 14.968, the efficiency of the 
estimated policy is 14.968/15.870 == 0.943. The sensitivity analysis for the other 
parameters can be carried out in a similar way. 
The following are the true parameters and the maximum percentage error in 
Tables 1-6. 
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Table parameter true parameter value maximum percentage error 
1 a 2 50% 
2 hi 0.49 + 10"S 50% 
3 p 0.95 4.2% 
4 y 0.95 4.2% 
5 A,- 0.01 + 10-^ z 50% 
6 fXi 40.1 + 10-¾ 50% 
We only study the sensitivity analysis for the above six parameters because it 
is difficult to estimate their exact values in practice. From the results tabulated 
in Tables 1-6, we can find that, in most cases, the efficiencies are higher than 0.95 
even if the errors of a parameter are over 50%. For parameters 6“ the efficiencies 
are all higher than 0.92. The average cost seems to be a little more sensitive 
to the parameter a than others. If the parameter a is inaccurately estimated as 
1, the true average cost due to the use of the estimated policy is 18.917, it has 
increased by 26.4%, and the efficiency of the estimated policy is 0.791. In this 
case, the percentage error of parameter is 50%. On the other hand, aU policies 
in Tables 1-6 have the availabilities not less than the lower bound 0.9. 
Sensitivity analysis of the gamma distribution example. 
Assume that the standard values of the parameters are taken as the true 
parameters. Then the optimal policy takes 41 inspections. The availabilities at 
inspection times are kept to higher than 0.98. The minimum average cost is 5.597. 
The sensitivity analysis here is similar to that of the Weibull distribution 
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example. The parameters under study are listed as follows. 
Table parameter true parameter value maximum percentage of error 
7 a 5 40% 
8 fi 0.5 40% 
9 p 0.9 10% 
10 p' 0.9 10% 
‘ 11 A, 0.2 50% 
12 fM 0.3 50% 
13 Ii 5(l+0.02(i-l)) 50% 
14 Ci 8(l+0.02(i-l)) 50% 
From the results reported in Tables 7-14, we can see that, in most cases, the 
efficiencies are higher than 0.96 even if the percentage errors are 50%. However, 
the average costs are comparatively sensitive to the parameters values of the 
distribution F. If the parameter |3 varies, the efficiencies of the average cost is 
higher than 0.73. For the parameter a, the efficiencies of the average cost are 
higher than 0.7 only. All policies in Tables 7-14 have the availabilities not less 
than the lower bound 0.9. 
Sensitivity analysis of the Exponential distribution example. 
The standard values of the parameters are taken as the true parameters. By 
using the finite algorithm, we obtain an optimal policy which takes 38 inspec-
tions. The availability is 0.946 while the average cost is 68.9715. The following 
parameters are under study: 
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Table parameter true parameter value maximum percentage of error 
15 7 1 50% 
16 a 1.025 2.43% 
17 p 0.9 n .1% 
18 p' 0.9 n .1% 
19 Ii 0.01 50% 
20 Ci 0.5 50% 
From the results in Tables 17-20, the average cost is insensitive to the change 
of the values of p, p', h and Ci in which the efficiencies are all higher than 
0.94. If the parameter 7 is inaccurately estimated as 0.5, the efficiency of the 
estimated policy is 0.906. However, the average cost is sensitive to the change 
of the geometric ratio a. If a is underestimated as 1.013, the efficiency of the 
estimated policy downfalls to 0.73. Moreover, the minimum availability drops to 
0.909. 
Conclusion of sensitivity analysis 
From the studies of three Examples above, in most cases, we can see that the 
true availabilities are not below the preassigned lower bound a. Moreover, the 
average cost is insensitive to the values of p, p', X{, fM, U and Ci. This is an 
advantage of our model. However, the average cost seems to be slightly sensitive 
to the parameters value of the distribution of the system. In the sensitivity 
analysis in the Exponential distribution case, it even happens that the general 
IRR policy can not afford a minor error of the ratio a. It is not surprising because 
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only a minor change of a, the distribution of Xi will varies a lot. (Fortunately, 
in modelling a data set which involves a monotone trend, Lam and Zhu [4] have 
introduced an estimator a such that a - a is asymptotically normal with mean 
0 and variance of order 0(n_3).) Thus, when the general IRR model is put into 
application, we should take great care of the estimation of the parameter in the 
distribution F. 
4.5 Conclusion and Further development 
Over and above, there are at least three advantages of the general IRR model. 
Firstly, it is a maintenance policy for a deteriorating system in which the suc-
cessive conditional lifetime distributions are stochastically decreasing. Secondly, 
the general IRR model always pays special attention to the system availability. 
Thirdly, our general IRR model helps to control the cost at the lowest level 
Eventually, the finite algorithm is quite simple and can be performed easily. 
Nevertheless, there is some space for further research. These aspect include: 
1. For IRR model studied in Lam [3], the availabilities ^ can take different 
values at different inspection times. Can we generalize our IRR model to 
this case ？ 
2. The general IRR model highly depends on the estimation of the parameter 
values. After each inspection, we may have more information for estimation 
of the system parameters. Can we develop an adaptive IRR model for using 
the updated estimates after each inspection ？ 
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3. The aim of the installation of a standby system is to improve the reliability 
and the availability of a production process. Can we calculate the reliability 
of the production process ？ Furthermore, as Thomas [4] had studied, can we 
develop a IRR model so that the expected time until a catastrophe occurs 
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Figure 9. Number of inspections versus average cost, given e=0.9 for exp(i). 
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Table 1 • The minimum average cost and the optimal IRR policy as a varies for W(a,b,). 
“ a 1 1.5 I 2* 2.5 3 “ 
~ ~ ~ availability ~ T ^ ^ j j j T J j g ^ 0.968 0.976 
•• average cost " 2 6 ： ^ ~ " I j I ^ Z Z I i i g g ! l 12.576 10.978 
number of inspection 37 ^ ^ 15 11 
— “ “ “ “ i ； ~ " _ _ f t _ s: “ e s, e Si e s； e 
i n i 7 i n Q f i S _ Q j ^ j j ^ _ 0 j 8 6 _ 0.96F 0.335 0.945 0.365 0.936 
2 “ 0.160 0.986 0.226 0.973 0.276 0.960 0.326 0.945 0.356 0.934 
3 n i * ^ 7 � g f i 7 _ g j g g _ j j ^ _ g j ^ j j ^ _ j j g g _ " ^ ^ 0-354 0.934 
4 0.154 0.987 T ^ " 0 9 ^ 0.271 0.960 0.321 0.944" 0.352 0.933 
5 nifii _2^1gfli__gjIg__gjgg_ 0.960 0.319 0.944 0.350 0.933 
6 ni^ft n Qft7 _ 0 £ | 5 _ _ 0 j ^ _ 0 j 6 6 ^ 0 - 9 6 ? 0.316 0.944 0.348 0.933 
7 0.145 0.988 0.212 "5i7T_gjg^_^jg^_gj2j__gjjj] 0-345 0.932 
8 0.143 0.988 0.210 "o^_gjgL_gjgg__glili__^jli 0.343 0.932 
9 ni^ n nQftfi 0.208 _0j^_0j59_ 0.960 0.310 0.943 0.341 0.931 
To 0.138 0.988 _0 j0^ j j^^ .257 0.960 0.307 0.943" 0.340 0.931 
U ni^fi nQfifi 0.203 _ 0 j ^ _ 0 j 5 4 _ j . 9 6 0 0.305 0.943 0.338 0.931 
^2 n i : u Q.989 _ 0 j 0 j _ j j ^ _ 0 j 5 2 _ j j ^ 0-303 " o ^ 0.336 0.930 
?3 0.131 0.989 _0^[98_jj^ 0.250 0.960 0.301 0.943' 0.334 0.930 
:j^  ni7Q nQBQ_g_2g^]^j^_gj^jj^_gj99 ~ 0 ^ 0.332 0.930 
5^ ni77 nQft9 _ o ^ ^ j | ^ _ 0 j 4 6 _ j ^ _ 0 j 9 8 ~ 0 ^ 0.330 0.929 
W ni7^ n g f i 9 j g j j g _ j j ^ _ g j j j _ j j ^ _ g j g g " 5 ^ 0 . 3 2 9 0.929 
7^ nir^ n Qfi9 _ O J ^ j j ^ _ 0 j ^ j j ^ _ 0 j 9 4 "o9^ 0.327 0.929 
Ti ni7? n Q g � _ g ^ ^ j j ^ _ j j j j _ j j ^ _ g j g 2 ~ 0 ^ 0-325 0.928 
， 7i 0.120 0.990 TT^"5^_gjg^_gjg2^_gjgg__gjj [ 0-324 0.928 
^ 0.118 0.990 "^T^"5^_gjg^_gjgg__gjgg__gjll^ 0-322 0.927 
2^  0.116 0.990 "5TTir"5!^_gj^_gjgg__gjgL_gji!_^0.321 0.927 
E nii.^ nggo_g^^_^j^_gjgj_j j^_gjg5"5iiT"0.319 0.927 
23 niir^  nQQO_g^|jg__2j^_gjgg_jj^_gjg4"^^ 0.318 0.926 
24 0.112 0.990 0.178 0.976 _a231 0.960 0.282" 0.941 0.316 0.926 
25 0.110 0.991 0.176 0.976 0.229 "57960 0.281 0.941 0.315 0.926 
26 ninQ n g g i _ g j [ ^ j j ^ _ g j g g _ j j ^ _ g j 7 9 ~ 0 ^ 0.313 0.926 
27 0.107 0.991 0.173 0.976 0.226 0.960 0.278 0.940 0.312 0.925 
28 ninfi n991_^^_^_gj^_gjgg_jj^_g.276 ~ 0 ^ 0.311 0.925 
29 0.104 0.991"~0.170 0.976 _ 0 j 2 3 ^ 0.960" 0.275 0.940 0.309 0.925 
¥ ^ 0.103 0.991 0.169 " g ^ _ 0 j 2 2 _ j j ^ J [ j ^ _ 0 j ^ 0.308 0.924 
— ^ 0.102 0.991 0.167 0.977 0.220 0.960 0.272 0.940 0.307 0.924 
^ a?ol~"0^"~0.166 _0j^_0j29_ 0-960 0.271 0.939 0.305 0.924 
— ^ 0.099 0.992 0.165 0.977 0.218 0.960 0.270" 0.939 0.304 0.923 
！ M 0.098 0.992 0.163 0.977 0.216 0.960 0.268" 0.939 0.303 0.923 
I, ii 0.097 0.992 0.162 " o ^ 0.215 T ^ 0.267 0.9^ 0.302 0.923 
I ii 0.096 0.992 0.161 0.977 0.214 0.960 0.266 0.939 0.301 0.922 
I ^ 0.095 0.992 0.160 0.977 0.212 "5!ii5" 0.264 0.939 0.299 0.922 
i ^ 0.158 0.977 0.211 0.960 0.263 _0.939 0.298 0.922 
1 ^ 0.157 0.977 0.210 0.960" 0.262 0.938 0.297 0.922 
• ^ 0 l 5 ^ " g ^ 0.209 "g960" 0.261 0.938 0.296 0.921 
I “ ^ 0.155 0.978 0.208 0.960 0.260 0.938 0.295 0.921 
|- ^ 0.207 0.960' 0.259 0.938 0.294 0.921 
I — ^ 0.205 0.960" 0.257 "5^38 0.293 0.920 
I ~ ^ 0.204 0.960" 0.256 "5^38 0.292 0.920 
I ^ 0.255 0.938 " o 2 ^ 0.920 
I ^ 0.290 0.920 
I ^ 一 0.289 ~ 0 ^ 
„ ^ ^ 0.094 0.992 _ C U 5 4 _ _ O j ^ _ g j 2 L j j ^ J A ^ ^ "0-938 0.288 0.919 
‘ tmeminavailability " o 9 ^ 0.972 "5 .960 0.938 0-919 
“‘ true average cost 18.917 15.870 — 14.968 15.859 17.281 
: efficiency 0.791 0.943 1.000 0.944 0.866 
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Table 19. The minimum average cost and the optimal IRR policy as I, varies for e x p ( y ) . 
bj |0.245+5x1Q-'i |0.3675+7 5x1Q-"i 0.49+10.31* |0.6125+1 25x1Q-^i |0.735+1.5x1Q-^i 
一 availability —0.964 0.962 | 0 . 9 6 � 0.958 ""5".956 
一 average cost " ^ i I ^ 1 3 . 8 o T 14.9683* 15.916 16.721 
^number of inspection 44 44 44 ^ ^ 
" " " i； 9 Si “ e Si 9 Sj e Sj 9 
“ 1 0.383 0.929 0.321 " 5 . 9 5 0 0 . 2 8 6 ~ 0.960 0.262 0.966 0.245 "0.970 
2 0.370 0.929 0.310 0.950 0.276 — 0.960 0.253 0.966 0.237 " o ^ 
• 3 0.366 0.929 0.307 _0 .950 0 . 2 7 3 一 0.960 0.251 0.966 0.234 0.970 
4 0.363 0.929 0.304 " q ^ _ _ 0 j 7 j _ j j 6 0 0 . 2 4 8 ~ 0.966 0.232 0.970 
5 0.359 0.929 _ 0 j 0 2 _ 0 - 9 ^ 0.268 0.960 0 . 2 4 F " 0.966 0.230 0.970 
6 0.356 0.929 _ _ O j 9 9 _ ] o j ^ _ _ O j 6 6 ^ 0.960 0.244 0.966 0.228 0.970 
7 0.353 _ 0 j 2 9 _ 0 j 9 6 _ ^ a 9 5 0 " 0.263 0.960 0.241 “ 0.966 0.226 0.970 
8 0.350 _ 0 j 2 9 _ 0 j 9 4 _ ^ g ^ 0.261 0.960 0.239 一 0.966 0.224 0.970 
9 0.347 0.929 _ 0 j 9 j _ _ 0 . 9 ^ 0.259 0.960 0 . 2 3 7 ~ 0.966 0.222 0.970 
To 0.344 0.929 0.289 _ 0 j ^ _ _ 0 j 5 7 ^ 0.960 0 . 2 3 i " 0.966 0.220 0.970 
U 0.341 0.929 0.286 0.950 0.254 ~ 0.960 0 . 2 3 F " 0.966 0.218 0.970 
i 2 0.338 0.929 0.284 ~ 0 ^ 0 0-252 0.960 0.231 _ 0.966 0.216 0.970 
^3 0.335 0.929 0.281 0.950 0.250 .0.960 0.229 _ 0.966 0.215 0.970 
U 0.333 0.929 0.279 ~ 0 9 ^ 0.248 0.960 0 . 2 2 ^ " 0.966 0.213 0.970 
?5 0.330 0.929 _ 0 . 2 7 7 0.950 0.246 0.960 0.226 0.966 0.211 0.970 
?6 nr^7R n Q29 _ Q j ^ ] j j ^ _ _ 0 j 4 4 _ 0 j 6 0 0.224 “ 0.966 0.210 0.970 
^7 n^.*^ nQ29 0.273 [ 0 j ^ _ _ 0 j 4 ^ _ 0 j 6 0 0 . 2 2 2 ~ 0.966 0.208 0.970 
?8 0.323 0.929 —0.271 0.950 0.241 0.960 0 . 2 2 ~ 0.966 0.206 0.970 
^9 0.320 _ 0 j 2 9 _ 0 j 6 9 _ 0.950 0.239 0.960 0.219 0.966 0.205 0.970 
20 0.318 0.929 0.267 ~ 0 ^ 0.237 0.960 0.218 _ 0.966 0.203 0.970 
2^ 0.316 0.929 0.265 0.950 0.235 0.960 0 . 2 1 ^ 0.966 0-202 0.970 
22 nwr^ n Q79 _ Q j 6 3 _ ] 0 i ^ _ 0 j 3 4 _ ^ ^ 0 0 . 2 l T " 0.966 0.200 0.970 
23 0.311 _ 0 j 2 9 _ 0 j 6 ^ 0 . 9 5 F 0.232 0.960 0.213 0.966 0.199 0.970 
24 0.309 0.929 0.259 0.950 0.231 0.960 0 . 2 l T " 0.966 0-198 0.970 
25 0.307 0.929 0.258 " 0 . 9 5 0 0 . 2 2 9 ~ 0.960 0.210 0.966 0.196 0.970 
^ 0.305 0.929 0.256 0.950 0.228 “ 0.960 0 . 2 0 9 ~ 0.966 0-195 0.970 
^ nm^ fV92g_gjgj_^jj^__gjgg_^jjg0 0.2o7" 0.966 0.194 0.970 
28 n:^ni 0 929 _ ^ j 5 ^ ] 0 j ^ _ _ 0 j 2 5 _ ^ j j 6 0 0 . 2 0 6 ~ 0.966 0.192 0.970 
29 0.299 0.929 0.251 0.950 0.223 0.960 0 . 2 0 5 ~ 0.966 0.191 0.970 
^ 0.297 0.929 0.249 0.950 0 . 2 2 2一 0.960 0.203 0.966 0.190 0.970 
3l 0.295 0.929 0.248 " 0 . 9 5 0 0 . 2 2 0 — 0.960 0.202 0.966 0.189 0.970 
^ 0.293 0.929 0.246 " 0 . 9 5 0 0 . 2 1 9 ~ 0.960 0.201 0.966 0.188 0.970 
33 0.292 0.929 0.245 0.950 0.218 0.960 0.200 0.966 0.187 0.970 
34 0.290 0.929 0.243 " 0 . 9 5 0 0.216 0.960 0.198 0.966— 0.185 0.970 
35 0.288 0.929 0.242 0.950 0.215 0.960 0.197 0.966 0.184 0.970 
36 0286 0.929 _ g j j ^ _ g j g ^ _ _ g j j j ^ j j g g ^ ] j ^ 2 g g _ 0966一 0.183 0.970 
37 0.285 0.929 0.239 0.950 0.212 0.960 0.195 0.966 0.182 0.970 
5 0.283 0.929 0.238 0.950 0.211 0.960 0.194 0.966— 0.181 0.970 
^ o I 8 ^ ~ ~ 0 . 9 2 9 0.236 0.950 0.210 ^ 6 0 0.193 0.966 0.180 0.970 
^5 n 28Q 0.929 _ 0 j 3 5 _ _ g j 5 0 _ _ _ 0 j 0 9 ^ j j g O Z ° i l g L _ _ 2 ： ^ ^ ^ ~ 0.179 0.970 
^ 0.278 0.929 0.234 0.950 0.208 0.960 0.190 0.966 0.178 0.970 
^ 0.277 0.929 0.232““0.950 0.207 0.960 “ 0.189 0.966 0.177 0.970 
43 0.275 0.929 0.231 ] j j 5 0 ^ 0.205 0 . 9 6 0 " 0.188 0.966 0.176 0.970 
^ 0.274 0.929 0.230 0.950 0.204 0.960 
i ^ 0.272 0.929 0.229 —0.950 0.203 0.960 0.187 0.966 0.175 0.970 
true min availability 0.929 ~ a 9 5 0 0.960 0.966 0.970 
true average cost 1 K ^ 15.117 _ ~ ^ [ 4 j 6 8 15.063 15.235 
efficiency 0.928 0.990 | 1.000 0.994 0.983 
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Table 19. The minimum average cost and the optimal IRR policy as I, varies for exp(y). 
p 0.910 0.930 0.950* 0.970 0.990 “ 
availability " T o ^ 0 ^ I ^ j g g _ ' J ^ 0.960 
: a v e r a g e c o s t — 15.129 ~ 1 ^ ^ 14.968* 14-891 14.816 
丨 _ number of inspection 4 4 ~ " 44 44 l f ^ 
• i；~~ fi s= 9 s, 9 Si e Si e 
1 n9ftfi nQfiQ ^ Q j 8 6 _ _ 0 j 6 0 _ _ 0 j 8 6 _ 0.960 0.286 0.960 0.286 0.960 
2 n77Q _ g j g £ _ g j ^ _ g j g j ^ _ g j ^ J g j g ^ — 0 . 2 7 9 0.959" 0.282 0.958 
3 0.268 0.962 0.270 " o 9 ^ 0.273 0.960 0.276 0.959 0.279 0.958 
4 H9fi^ n Q f i 7 ^ ^ ; ^ g g _ _ g j ^ _ g j ^ j . 9 6 0 0.273 0.959 0.276 0.958 
5 n9fi^ n Q R 7 J T j 6 5 _ _ 0 j 6 ^ _ 0 j 6 g _ j ^ 9 6 0 ^ 0.271 0.959 0.274 0.958 
6 n9Rn n q f i 7 ^ ^ ^ ; j g ^ _ 2 j g 2 _ _ g j g g _ _ 0 . 9 6 0 0.268 0.959 0.271 0.958 
7 n9«;« n Q f i 7 ^ ^ j ; ; ^ g ^ _ g j g j _ _ j j g g _ 0.960 0.266 0.959 0.269 0.958 
8 n 9 ^ j ^ ^ ^ ^ j j ^ _ g j g j _ _ g j g g ^ ) . 2 6 4 0.959 0.266 0.958 
9 0.253 0.962 _ 0 j 5 6 _ T 9 6 T 0.259 0.960 0.261 0.959 0.264 0.958 
^0 0.251 0.962 T ^ T 9 6 ? j j ^ _ 0 j 6 0 _ _ 0 j 5 9 _ 0.959 0.262 0.958 
U 0.249 0.962 " 5 ! i i T " " 5 ^ _ j j g j _ _ g j g g _ 0.257 0.959 0.260 0.958 
rz noz7 n Q f i , J ^ _ g g g _ j j ^ _ g j g g _ j | ^ _ g j g g ^ " 5 ^ 0.257 0.958 
?3 0.245 0.962 0.248 " 5 ^ _ g j g g _ _ g j g g _ _ g j g g _ i j g g ^ 0.255 0.958 
14 n9A^ ^ ^ ^ ^ ^ ^ j j g _ _ g j g ^ _ g j j g _ j D . 9 6 0 0.251 0.959 0.253 0.958 
?5 0.241 0.962 _ 0 j 4 4 ^ ] a 9 i i 0.246 0.960 0.249 0.959 0.251 0.958 
^6 0.239 0.962 ~ 0 l ^ ~ 0 ^ 0.244 0.960 0.247 0.959" 0.249 0.958 
1 ^7 n9^7 _ g _ g g ; _ ^ Q j f ^ _ Q j g l _ g j j g _ Q-960 0-245 0.959 0.247 0.958 
‘: ^ 0.236 0.962 _ 0 j 3 8 ^ 0.961 0.241 0.960 0.243 0.959 0.246 0.958 
；• ^ 0.234 0.962 " 5 ^ i i r " 5 ! i i T 0 .239 0.960 0.241 0.959" 0.244 0.958 
' ! ^ 0.232 0.962 ~ 0 ^ ^ 9 6 ? " 0.237 0.960 0.240 0.959" 0.242 0.958 
i 2^ n ” 1 n Qfi? _ g ^ ^ j j ^ _ g j g g _ j j ^ _ g j ^ " o ^ 0-240 0.958 
1 22 n77Q � g f i 2 _ £ £ ^ j j ^ _ g j g j _ j j ^ _ g j g g " ^ ^ 0 - 2 3 9 0.958 
^ n797 nQfi? _ ^ £ 3 Q _ j j ^ _ 0 j 3 2 _ j j ^ J l j 3 5 ~ 0 ^ 0.237 0.958 
24 0.226 0.962 0.228 " o ! ^ 1 0.231 0.960 0.233 0.959 0.235 0.958 
25 0.224 0.962 0.227 " ^ ! ^ _ g j g g _ j j ^ _ g j ^ _ g j g g _ 0.234 0.958 
26 n”：^ 0 962 _ Q j 2 5 _ j ^ J j 2 £ _ j j ^ _ 0 . 2 3 0 ~ Q ^ 0.232 0.958 
27 0.221 0.962 0.224 _ 0 j ^ _ a 2 2 6 0.960 0.228 0.959 0.231 0.958 
28 0.220 0.962 0.222 "o961 0.225 0.960 0.227 0.959 0.229 0.958 
29 0.218 0.962 0.221 0.961 0.223 0.960 0.225 0.959 0.228 0.958 
30 0.217 0.962 0.219 0.961 0.222 0.960 0.224 0.959 0.226 0.958 
! ^ 0.216 0.962 0.218 0.961 0.220 0.960 0.223 0.959 0.225 0.958 
I i 5 0.214 0.962 0.217 " 5 i i ^ _ g £ [ g _ j j ^ _ g j g j _ _ g j g g _ 0-223 0.958 
i ^ 0.213 0.962 _g^215 0.961 0.218 0.960 0.220 0.959 0.222 0.958 
34 0.212 0.962 0.214 0.961 0.216 0.960 0.218" 0.959 0.221 0.958 
I ^ 0.210 0.962 _ 0 £ | 3 _ j j 6 r 0.215 T 9 6 0 0.217 —0.959 0.219 0.958 
I ‘ ^ 0.209 0.962 0.211 0.961 0.214 0.960 0.216" 0.959 0.218 0.958 
37 0.208 0.962 0.210 0.961 0.212 0.960 0.215" 0.959 0.217 0.958 
38 0.207 0.962 0.209 0.961 0.211 0.960 0.213" 0.959 0.216 0.958 
39 0.206 0.962 0.208 0.961 0.210 0.960 0.212~ 0.959 0.214 0.958 
40 0.204 0.962 0.207 " 5 ^ 1 0.209 "oiio" 0.211 "o.959 0.213 0.958 
4^ 0.203 0.962 0.206 0.961 0.208 0.960 0.210" 0.959 0.212 0.958 
^ 0.202 0.962 0-204 0.961 0.207 0.960 0.209" 0.959 0.211 0.958 
43 0 2 ^ ~ " 0 . 9 6 2 0.203 0.961 0.205 0.960 —0.208 0.959" 0.210 0.958 
^ 0.200 0.962 0.202 0.961 0.204 0.960 ~ 0 2 0 ? " 0.959 0.208 0.958 
i ^ 0.199 0.962 0.201 0.961 0.203 0.960 0.205" 0.959 0.207 0.958 
true min availability ~ 0 ^ 6 0 ~ 0.960 0.960 0.959 0-958 
true a v e r a g e c o s ^ j j j j T J j j l ! _ _ _ J l g ! i Z Z Z 14.970 14.974 
efficiency 0.989 “ 0.995 1.000 1.000 1.000 一 
48 
Table 4. The minimum average cost and the optimal IRR policy as p ' varies for W(a,h,). 
p, 0.910 0.930 0.950* 0.970 0.990 一 
availability 0.960 J j ^ _ _ _ 0 j 6 0 _ j ^ 0.958 
“ a v e r a g e cosl 15.228 15.100 一 14.968* 14.835 _ 9 
number of inspection 44 44 ^ 1? 12 
_ ^ fl “ s, e & e Si e s； e 
1 一 0.286 ^ j ^ 0.286 ~ 0 ^ 0.286 o l ^ 0.286 0.960 0.293 0.958 
2 0.276 0.960 _ 0 j 7 6 " o l ^ 0.276 0.960 0.276 0.960 0.283 0.958 
3 n97^  _ 2 ^ _ g £ ! L j j g g _ _ g : ^ j j ^ ~ ^ 2 7 3 "^ 960 0.280 0.958 
^ n77i nQfin_^;_g^jj^_gj^j.965ro.271 0.960 0.277 0.958 
r noRft n QRn Jj£68_jj^_0j68_^.960" 0.268 0.960 0.275 0.958 
6 0.266 0.960 _0jg6_j|^_0j66 0.960 0.266 0.960" 0.272 0.958 
7 n9R7 n QfiD ]o|^j j^_0j63_^.960 0.263 0.960 0.270 0.958 
8 noRi _ 2 ^ ] ^ ^ | ^ j j ^ _ g j g ^ i 9 6 0 0.261 0.960 0.268 0.958 
9 0.259 0.960 _ 0 j 5 9 " 0960 0.259 0.960 0.259 0.960 0.265 0.958 
To 0.257 j.960 "5!^"5^_gjg^_gjgg__gjgL_ O-QSO" 0.263 0.958 
U n7*u nQfiQ_Qj54_jj^_0j54_ 0.960" 0.254 0.960 0.261 0.958 
Ti 0.252 0.960 _ 0 j 5 2 "a960 0.252 0.960 0.252 0.960 0.259 0.958 
?3 r>7^ n nQfiQ _Qj50_j j^_^j50_j j^_0j50 " o ^ 0.257 0.958 
U n ?4« n 960 _ Q j 4 8 _ j j ^ ^ j 4 8 _ j j ^ _ a 2 4 8 " 0 ^ 0-255 0.958 
Ti 0.246 0.960 0.246 1^960" 0.246 0.960 0.246 0.960 0.253 0.958 
?6 0.244 0.960 0.244 0.960 0.244 ""57960 0.244 0.960 0.251 0.958 
V7 0 743 0 96Q 0.243 _ 0 j 6 ^ _ 0 j 4 3 _ j . 9 6 0 0.243 0.960 0.249 0.958 
?8 0.241 0.960 0.241 0.960 0.241 0.960 0.241 0.960 0.247 0.958 
r9 0.239 0.960 0.239 "5!ii5" 0.239 0.960 0.239 0.960 0.245 0.958 
20 0.237 0.960 T 2 3 7 " o 9 6 ^ 0.237 0.960 0.237 0.960" 0.243 0.958 
2^ n7r^ f^  _ 2 i g ^ j l ^ j j ^ J j g L °-^^° 0.235 0.960 0.241 0.958 
S 0-234 0.960 _ 0 j 3 j ^ j i ^ _ 0 j 3 4 0.960" 0.234 0.960 0.240 0.958 
23 0 2 ^ 0.960 0.232 " 5 ^ 0 0.232 "oiio" 0.232 0.960 0.238 0.958 
24 0.231 0.960 0.231 " " o ^ J j 3 2 _ j j ^ _ O j ^ _ O j 6 ^ 0.236 0.958 
25 0.229 0.960 0.229 0.960 0.229 0.960 0.229 0.960 0.235 0.958 
26 0.228 0.960 0.228 0.960 0.228 T960 0.228 0.960 0.233 0.958 . 
27 0.226 0.960 0.226 "5!^_gjgg_jj^_gjgg__gjgg_ 0.232 0.958 
28 n”jS a960_gjgg_ j j^_g jgg_ j j^_g j25 "oi6^ 0.230 0.958 
29 0 7?:¾ 0 960_2jgg_jj^_gjgg_jj^_g.223 T ^ 0.229 0.958 
30 0.222 0.960 _a222 0.960 0.222 0.960 0.222 0.960 0.227 0.958 
^ 0.220 0.960 0.220 ^ 9 ^ 0.220 Tiso" 0.220 0.960 0.226 0.958 
32 0.219 0.960 0.219 0.960 0.219 0.960 0.219" 0.960 0.224 0.958 
33 0.218 0.960 0.218 T ^ 0 0.218 0.960 0.218 0.960 0.223 0.958 
34 0.216 0.960 0.216 0.960 0.216 0.960 0.216— 0.960 0.222 0.958 
35 0.215 0.960 0.215 0.960 0.215 1^96^ 0.215 0.960 0.220 0.958 
36 0.214 0.960 0.214 0.960 0.214 0.960 0.214~ 0.960 0.219 0.958 
37 0.212 0.960 0.212 0.960 0.212 0.960 0.212" 0.960 0.218 0.958 
38 oI^^""^0.960 0.211 0.960 ^ 1 1 0.960 —0.211 0.960 0.217 0.958 
39 0.210 0.960 0.210 0.960 0.210 0.960 0.210 0.960 0.215 0.958 
^5 0.209 0.960 0.209 0.960 0.209 0.960 0.209 0.960 0.214 0.958 
^ 0.208 0.960 0.208 0.960 0.208 0.960 0.208" 0.960 0.213 0.958 
^ 0.207 0.960 0.207 j j ^ 0.207 0.960 0.207" 0.960 0.212 0.958 
43 0.205 0.960 0.205 Tiio" 0.205 0.960 0.205 "0.960 0.211 0.958 
44 0.204~"0.960 0.204 0.960 0.204 0.960 
i ^ 0.203 0.960 0.203 0.960 0.203 0.960 0.204 0.960 0.209 0.958 
• »n _^ _^^^__^_^_^_^  _ ^ ^ _ _ _ ^ _ _ ^ _ _ _ ^ _ _ _ ^ _ _ ^ _ _ _ _ _ ^ _ i ^ ^ ^ _ _ ^ - _,.ii I • • • • '• • • ‘ I " " " " " " " " " " " 
true min availability 0.960 0.960 0.960 0.960 0.958 
~~true average cost~~ 14.968 _ 14.968 14.968 14.969 14.971 
efficiency 一 1.000 1.000 1.000 1.000 1.000 
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Table 19. The minimum average cost and the optimal IRR policy as I, varies for exp(y). 
r ~. |0.005-f5x1Q-^  i |0.0075H-7.5x1Q-" i|0.0H-10'" i* |0.0125-H.25x1Q-"i |0.015-H.5x1Q-' i" 
i availability "o.958| —0.960| T"960| 0.960| 0.960| 
I - averagecost 12.662 13.939 14.968* 15.842 1^608 
numberofinspection 60 50 ^ ？? ？® 
«i ft s: e Si e Sj e s； e 
1 n ? 7 i nQfi4 _ Q j ^ _ 0 j 6 f j j 8 6 _ j j ^ 0.293 0.958 0.300 0.956 
• 2 n9Ri ^j_ggj_2^jgg_jj^_gj^^960 0.283 0.958 0.290 0.956 
• 5 H9^ Q n ^ ^ _ n j g g _ j | ^ _ 0 j ^ j j 6 0 0.280 0.958 0.287 0.956 
4 n9^ fi ^ ^ ^ ^ ^ ^ ^ g j ^ j j ^ _ g j ; ^ ^ 0 0.277 0.958 0.284 0.956 
i r>7i^  ^ ^ 2 ; ^ ^ g ^ ^ ^ [ ^ j ^ j j 6 0 0.275 0.958 0.282 0.956 
6 0.252 0.964 Oj59_"oi67 0.266 " o ^ 0.272 0.958 0.279 0.956 
7 0.250 0.964 0.256 " o i i F 0.263 0.960 0.270 0.958 0.276 0.956 
8 0.247 0.964 0.254 " " o i s F 0.261 0.960 0.268 0.958 0.274 0.956 
9 0.245 0.964 0.252 " a 9 6 F _ 0 j 5 9 _ _ 0 j 6 0 0.265 0.958 0.272 0.956 
W n'?v.^  ^^_^2j ;2^j j^_gjgL_0.960 0.263 0.958 0.269 0.956 
U 0.241 0.964 0.248 " o i i F 0.254 0.960 0.261 0.958 0.267 0.956 
^ no*^ o noRA 2_n^lfi_ j j ^ _ 0 j 5 2 _ j.960 0.259 0.958 0.265 0.956 
?i no^ 7 ^^^2_;^2^j j^_gjgg_j .960 0.257 0.958 0.263 0.956 
U no^^ n ^ l i L Z l i _ Z ^ J j l g - - ° -^^° 0.255 0.958 0.261 0.956 
^ no^ ^ n ^ 2 i L Z i g _ j l ^ _ g j ^ 0.960 0.253 0.958 0.259 0.956 
^6 0.232 0.964 0.238 " 0 9 ^ 0.244 0.960 0.251 0.958 0.257 0.956 
U 0.230 0.964 0.236 " 0 9 6 7 0.243 0.960 0.249 0.958 0.255 0.956 
^ no9ft ^ ^ ^ _ ^ ^ ^ ^ ] ^ j ^ _ g j ^ 0.960 0.247 0.958 0.253 0.956 
?9 noo« n ^ ' _ n 7 ^ ' J ^ _ 0 ^ 0.960 0.245 0.958 0.251 0.956 
20 n>TPg^^^_2I2L_Z^_jjgL0.960 0.243 0.958 0.249 0.956 
2^ 0.223 0.964 0.229 " o i i F 0.235 0.960 0.241 0.958 0.247 0.956 
22 0.222 0.964 0.228 ^ 9 6 2 0.234 ^ 9 6 0 0.240 0.958 0.246 0.956 
23 0.220 0.964 0.226 Tii^_gjgg__£jgg__gjgg_Zj^.958 0.244 0.956 
^ noio _;^^^_;^^;^]^j^_gjg^ 0.960 0.236 0.958 0.242 0.956 
25 n o i 7 n Q R A _ n 7 2 ^ j j ^ _ 0 j 2 9 T 5 i ^ 0.235 0.958 0.240 0.956 
^ 0.216 0.964 0.222 "5!5i^Jjg£__gjgg__gjgg_Zj^.958 0.239 0.956 
27 0.214 0.964 _ 0 j 2 0 _ 0.962 0.226 T i s o " 0.232 0.958 0.237 0.956 
28 n9i^ nQfi4 _Q£29_ j j^_0 j2^ j j60 0.230 0.958 0.236 0.956 
29 oJil""^ 0.964 _0£[^_0j62^~^23 0.960 ~~0.229 0.958_ 0.234 0.956 
30 0.210 0.964 ' 0.216 " ^ 2 0.222 0.960 0.227 0.958 0.233 0.956 
3l 0.209 0.964 _0j|5_"a96F 0.220 T960 0.226 0.958 0.231 0.956 
^ 0.207 0.964 _ 0 j l 3 _ T ^ 0.219 "57960 0.224 0.958 0.230 0.956 
^ 0.206 0.964 _ 0 j | 2 _ T i ^ 0.218 TSSO 0.223 0.958 0.228 0.956 
M 0.205 0.964 0.211 0.962 0.216 0.960 0.222 0.958 0.227 0.956 
： 35 0.204 0.964 0.209 T i s T 0.215 "0.960 0 . 2 2 0 _ 0.958 0.226 0.956 
36 0.203 0.964 0.208 T^_g£[j__gjgg__gjJg^ 0.958 0.224 0.956 
37 oIo^~~0.964 0 . 2 0 ~ 0.962 0.212 0.960 0.218 0.958 
38 0.200 0.964 _ 0 j 0 6 _ j j 6 2 0.211 0.960 0.217 0.958 
39~ 0.199 0.964 _ 0 j 0 5 _ _0 j62_ _ O j 1 0 0.960 0.215 0.958 
^ 0.198~~^0.964 0 . 2 0 T " 0.962 0.209 0.960 
4^ 0.197~~0.964 0.202 0.962 0.208 0.960 
^ 0.196 0.964" 0.201 "5.962 0.207 “ 0.960 
43 0.195~"0.964 0.200 0.962 0.205 0.960 
^ 0.194~~0.964 O.i99r 0.962 0.204 0.960 
~~ 45 0.193 0.964 0.198 0.962 
^ 0.192 0.964 0.197 0.962 
47 0.191 ~~0.964 0 .196~ 0.962 
^ 0.190 ^ 9 6 4 0.195 “ 0.962 
^ i 0.189 0 .96T 0.194 0.962 
50 0.188 0.964 0.193 0.962 
51 “ 0.187 ^ 9 6 4 
50 
f Table 5. (Continue) 
52 | 0 . 1 8 6 | 0 . 9 6 4 | 
^ 0.185 "0^964" 
1. 54 0.184 0.964 “ 
55 ~0.183 0.964" 
‘ ^ 0.182 " 0 9 6 4 " 
“ ^ 0.181 0.964 
~ ~ 58 0 . 1 8 ~ 0.964 
59 0.180 “ 0.964 
6 0 " 0.179 0 . 9 6 ^ 
i；； ni7ft nQfi4^_M92_ 0.962" 0.203 0.960 0.214 0.958 0.223 0.956 
true min : C a i l ^ ^ i j i ^ ; ; ^ ; ^ ; ; ; ^ _ _ ? : ? ? ? 5 : ^ Z Z ^ _ M ! L _ ^ 
： t r u e a v e r a g e c o ^ j I 3 ^ 15.047 14.968 15.014 1 ^ 
efficiency 0.973 0.995 1.000 0.997 0.991 • 
t -m^^ •• ‘ 
] i 
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Table 19. The minimum average cost and the optimal IRR policy as I, varies for exp(y). 
. T = ^ = i ^ ^ ^ ^ ^ ^ q w ^ q ^ ^ ^ ^ ^ ^ 
- p ^ ^ ^ ^ ^ ^ ^ f f 4 ^ 
:f:^^^^^Z^^^^I^^:p^__•^4"T"~"^"fa[IIzjZEjl_0 Si 习 
- P ^ ^ ^ ^ ^ — — k k " ^ 4 ^ ^ ^ ^ M ^ ^ : ^ ^ i ^ ; 5 ^ ^ ^ @ 
P ^ ^ 5 ^ ^ ^ ^ S " S h ^ : ^ 5 i i i ^ i ^ ^ : ^ ^ ^ ^ ^ 
P ^ ^ ^ ^ r ^ ^ ^ i ^ S " ^ " ^ 5 S i ^ ^ ; ^ ^ i ^ ^ ^ ^ ^ ^ P ^ ^ ^ ^ ^ f ^ ^ ^ ^ i ^ S K I ^ " ^ : ^ i i i ^ ^ ; ^ ^ i ^ : ^ ^ ^ ^ ^ 
^ ^ ^ ^ ^ ^ l ^ ^ ^ " ^ T ^ ^ ^ ^ f ^ ^ ^ ^ ^ ^ t j j ^ � . 9 6 � 0 . 2 6 8 ^ : t= f=^i fS iBl^ i i i i^^^^^Ntt i^^_ (P^^ ^^ ?^ ^^ ^^ ^^ ^^ Sh&r:^ ^^ L^^ ^^ ^^ Lp^ 4^ ^ 丨 P ^ ^ ^ ^ l ^ ^ ^ ^ ^ ^ " & S h ^ : i ; ^ i j i i i : i ^ ^ ^ ^ ^ ^ ^ ^ 
P ^ ^ ^ ^ ^ ^ ^ r ^ ^ ^ ^ ^ " I ^ S " ^ T i i 9 i ^ : ^ ^ ^ i ^ ^ ^ i ^ ^ t==p=^^iRSHi^:^iiiiL:N:^^^^^:^5i^ 
L Z Z j ^ _ _ ^ ^ I S H ^ " ^ i i ^ + ^ ^ ; ^ ^ i ^ ^ ^ ^ ^ ^ ^ 
P^^^^^^^^^^^^^^^^^ifSlHi^"5^^i^^;^i^;^^d^^^^ 
¢ ^ ^ ^ = ^ 5 ^ ^ ^ ^ ¾ ? ¾ ¾ " ^ : ^ ; ^ : ¾ ^ ; ^ ^ ^ : ^ ^ ^ ¾ ^ ¾ 
P ^ = F ^ ^ ^ T S i " S K ^ : : ^ ^ i ^ ^ ; ^ i ^ ^ ^ ^ ^ ^ : ^ ^ 
p z z ^ — — ^ s m K ^ " ^ 5 i ^ i i ^ ^ ^ ^ i i ^ ^ ^ ^ ^ 
P ^ ^ ^ 5 ^ ^ ^ ^ ^ ^ ^ H " 3 " ^ " 5 ^ S i ^ ^ ; ^ i ^ ; ^ i ^ ^ ^ ^ 
P ^ ^ ^ i ^ ^ ^ ^ ^ ^ i ^ S I H f ^ " s i S i ^ : ^ ^ ^ i : ^ ; ^ ^ i ^ ^ ^ 
^ ^ ^ ^ ^ ^ ^ ^ ^ ^ » 1 
; ^ ^ ^ ^ ^ ^ ^ ^ ^ W 
^ ^ ^ ^ ^ ^ ^ ^ ^ ^ M 
^ ^ ^ 1 ? ^ ^ ^ ^ ¾ ^ ¾ " ^ " ¾ : ¾ ¾ ¾ ^ ^ ^ ^ ^ : ^ ^ ^ ^ ¾ ^ ^ 
： P ^ ^ l f ^ ^ ^ ^ ^ 3 " ^ T i i i i ^ ^ ; ^ ^ i ^ ; i L t ^ : ^ ^ 
P = ^ ^ ^ ^ ^ ^ ^ H i ^ H i r : ^ ; ^ i t ^ : ^ ^ ^ i l ^ ^ E ^ ^ ^ ^ :F ^~~~^^¾"^^^¾!^^;^^^!¾¾^^^^ 
: ^ ^ ^ 1 ^ ^ ^ ^ ^ 1 ^ ^ ^ 1 ^ ^ : ^ ¾ ¾ : : ^ ^ ^ : ^ ! ¾ ¾ ^ ^ 
‘ P ^ ^ ^ | ^ ^ ^ ^ S i ^ S " ^ ^ i y i ^ : ^ ^ ^ i ^ ; ^ ^ E t ^ : ^ ^ 
i: p n ^ " — ^ ^ i " S ^ " ^ ^ i i i ^ i ^ ^ i z ^ L t ^ : ^ ^ � ^ = ^ = 5 ^ ^ ^ ^ ^ ^ ^ ¾ ¾ " ^ : ^ ^ ¾ ½ : : ^ ; ^ ^ ^ ^ ^ ^ ^ ¾ ^ ¾ 
丨 ^ ^ ^ ¾ ^ ^ ^ ^ ¾ ^ ¾ ¾ : : ^ ¾ ¾ ^ ^ ; ^ ^ ^ ^ ^ ¾ ¾ ^ ? ¾ ^ ： 3� 1 ^ ^ 1 " ^ ^ : ^ ¾ ^ ^ ^ ; ^ ^ ^ ! ^ ¾ ¾ ^ ^ ^ 
f = l = f i ^ i ^ i i : ^ i t i ^ ^ 5 ^ 4 : ^ ^ i ^ ^ ^ ? y 
. U ^ ^ 1 ^ " ¾ " ^ ^ ¾ ^ ^ : ^ ¾ ^ ¾ ! ^ ^ 
:P^^5^^^^^^^ik::^^itiK:@:^;^^^i^^^ ‘ P ^ ^ ^ ¾ " ^ ^ ; ¾ ¾ ^ ¾ ^ ¾ ^ ¾ 
i u ^ ~ ~ I ^ f f ^ " ^ T i i i i ^ 0.960 i ^ j ^ _ ^ H n _ : ^ 
p I ^ i ^ ~ " ~ ^ 3 " ^ ^ : ¾ ¾ ! ^ * : : ^ ^ ! ^ ^ ¾ ! ^ ¾ p=^=^if"S"i^:^;^iji^"^::^^^^^:^^ 
P ^ ^ ^ ^ F ^ ^ " 4 ^ 3 " ^ ^ i t l ^ i : : ^ ^ ^ ^ t ^ ^ P^^^^"^^3"^:^^riiiH:^: :^t^^^^ 
P = | — — | ^ i i l i k : : ^ i i i ^ : ^ : ^ ^ ^ E p l ^ f ^ g 
F ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ S 
^ ^ ^ ^ i ^ = 3 ^ = ^ ^ — ^ P T M 3 ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ H 
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Table 19. The minimum average cost and the optimal IRR policy as I, varies for e x p ( y ) . 
‘ " " ^ g 3 4 5- 6 7 
• availability ~ ^ 0 ^ 0.980 0.986 0.990 
” a v e r a g e cost 10.577 ^ ^ 5.597* 4.409 3.595 
^ number of inspection 4 0 ~ " ^ ^ ^ 1 ! 
_ _ ^ _ ^ “ i^ fi s; e Si e Si e 
1 1 ft7^ _n_QQ^J^^^_0j93_^j59 0.980 3.850 0.954 4.660 0.913 
2 1.554 0.999 T i T T 0.994 J j 4 ^ _ 0 j 8 0 _ _ 3 ^ ^ _ 0 j 5 3 ^ 4.520 0.910 
3 — 1.538 0.999 2.192 T^_2j|8__0j80_ 3.687 0.953 4.476 0.910 
4 1.523 0.999 _ 2 ^ [ ^ T ^ 2.890 0.980 3.651 0.953 4.432 0.910 
5 it;no n QQQ _ 9 j ^ j | ^ _ 2 j 6 2 _ ^ 9 8 0 " 3.616 0.953 4.390 0.910 
6 1 494 0.999 2.129 0.994 _ 2 j 3 5 0.980 3.581— 0.953 4.348 0.910 
7 1 dm Q.999 ^ ^ 2 0 9 _ j j ^ ^ 0 8 0.980 3.548 0.953" 4.307 0.910 
8 i AffR nQQQ ^ 0 ^ _ Q j 9 4 _ _ Z ^ ^ . 9 8 0 3.514 0.953 4.267 0.910 
i 1 ^^^ n QQQ ] 7 j ^ _ Q j 9 4 _ ^ ^ ^ _ 0 . 9 8 0 3.482 0.953 4.227 0.910 
T5 1 AAn n q q Q 3 ^ _ g ^ ^ ^ ; g ^ j : 9 8 0 3.450 0.953 4.188 0.910 
i l 1 AOPi nQQQ 2Q32 j j ^ _ Z 7 0 6 _ T 9 8 0 3.419 0.953 4.150 0.910 
^ 1.414 0.999 2.014 T i i T 2.682 0.980 3.388 0.953 4.113 0.910 
?3 1 ^ 1 n QQQ j _ 9 9 6 _ j j ^ J j 5 8 _ j j ^ _ 3 3 5 7 "o953" 4.076 0.910 
M 1 f^tQ n Q Q Q J _ 9 ^ j j ^ J j 3 4 _ j j ^ _ 3 j 2 8 " o i s s " 4.040 0.910 
?5 iT7fi � Q Q g j _ g g ^ j j ^ _ g £ | J _ j j ^ ^ j g 9 " 0 ^ 4.005 0.910 
?6 1 R^A nQqgj^_gjj_jj^_g^ggg_jj^_gj70 " 0 ^ 3.970 0.910 
?7 1.353 0.999 1.927 0.994 2 j 6 6 0.980 3.242~ 0.953 3.936 0.910 
?8 1>^J n q ^ _ 2 _ g j ^ j j ^ _ j ^ g j i _ j j ^ _ j j 1 4 T 9 5 3 " 3.902 0.910 
?9 1.330 0.999 T ^ " o 9 9 T 2.523 0.980 3.187 0.953' 3.869 0.910 
20 1.319 0.999 J j ； ^ T i ^ 2.502 0.980 3.160 0.953 3.836 0.910 
T^ 1 ^ R � Q g g _ 2 _ g g L j j ^ _ i : j ^ j j ^ ~ j : ^ 4 " o i ^ 3.804 0.910 
22 1.297 0.999 1.848 0.994 2.460 0.980 3 .108" 0.953 3.773 0.910 
23 1 ?Rfi nQQ9 1.833 j j 9 4 ^ _ 2 ^ 4 0 "0.980 3.082 0.953 3.742 0.910 
24 1.276 0.999 1.818 T i ^ 2.420 0.980 3.057 0.953 3.712 0-910 
2 5 1 9R^ n g g g ^ j ^ j g ^ _ j j ^ _ ^ ^ j g 2 _ j j ^ ^ : ^ 3 " o ^ 3.682 Q.910 
26 1.255 0.999 . 1.789 " o ! ^ 2.381 0.980 3.008 0 . 9 ^ 3.652 0.910 
27 1 94.q n 999 J £ ^ j j ^ ^ j g ^ j j ^ — 2 � 9 8 4 ~ 0 ^ 3.623 0.910 
^ 1.236 0.999 1.760 0.994 2.344 0.980 2.961— 0.953 3.595 0.910 
29 1.226 0.999 1.747 " o i ^ 2.326 0.980 2.938 0.953 3.567 0.910 
30 1.216 0.999 1.733 ^ 9 9 4 2.30& 0.980 2.915 0.953 3.539 0.910 
31 1.207 0.999 1.720 0.994 2.290 0.980 2 .893" 0.953 3.512 0.910 
32 1.198 0.999 J T O ^ j j ^ ^ j ^ j j g O 2.871 "o.953 3.485 0.910 
33 1 ia9 0.999 1.694 j j 9 j ^ _ 2 . 2 5 5 "0.980 2.849 0.953 3.459 0.910 
^ 1.180 0.999 _ 2 j 8 ^ T ^ 2.238 "57980 2.827 "o.953 3.433 0.910 
： 35 1.171 0.999 _ | ^ 0 . 9 9 ^ 2.222 TSSO 2.806 "o.953 3.407 0.910 
36 1.162 0.999 _[ jgg__g^^jgg_jj^^;; ;gg_j .953 3.382 0.910 
37 1 154 Q.999 _2j44_jj^^^289_jj80 2.765 "o.953 3.357 0.910 
38 1.145 Q.999 J ^ 6 ^ _ 0 j 9 ^ _ 2 ^ [ ^ j j g 0 ^ 2.745 "o.953 3.332 0.910 
^ 1.137 0.999 1.620 0.994 2.157 0.980 2 .72S" 0.953 3.308 0.910 
^ 1.129 0.999 J l j 0 8 0 .99^ 2.142 X 9 8 0 2.705 "o.953 3.284 0.910 
^ 1.597 0.994 2.126 0.980 2.686 0.953 3.261 0.910 
i；^  1.121 0.999 1.586 ^ 9 9 ? 2.111 0.980 2.667 "o.953 3.238 0.910 
true min availability 0.998 0.993 0.980 0.953 0.910 
~ t r u e average c o s t ~ 7.951 6.195 5.597 6.133 7.749 
— efficiency 0.704 “ 0.903 ~ ~ 1.000 0.912 0.722 
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Table 8 . The minimum average cost and the optimal IRR policy as p varies for r(a,p). 
P 0.3 0-4 0.5* 0.6 0.7 一 
availability T ^ J ^ j j g L Z ^ 議 
" a v e r a g e c o s t 3.829 ~ J ^ 5.597* 6.388 7.131 
numberofinspection 41 ^ ^ 1 ! — 
"""“ Si e s： 9 Si e Si e s； e 
- 1 4.645 0.914 _ 3 ^ 9 0.959 3.059 " o ^ 2.676 0.988 2.344 0.993 
‘ 2 4；4^ 0.913 3.584 0.959 2.947 0.980 2.578 0.988 2.257 0.993 
3 AA^A nQia ^ 3 ^ 5 ^ _ Q j 5 9 _ ^ j j 8 ^ 0.980 2.553 0.988 2.235 0.993 
4 4.391 0.913 3.514 0.959 2.890 0.980 2.528 0.988 2.214 0.993 
5 A^AQ n Q i : ^ ^ 2 j j j _ _ g j g g ^ _ g j g g _ 0.980 2.503 0.988 2.192 0.993 
6 A^n7 n ^ ^ a _ ^ _ 0 j g 9 ^ _ 2 j 3 5 0.980 2.480 0.988 2.171 0.993 
7 A0ff7 n Q l 3 ^ ^ ^ j j _ _ g j g £ _ g j g g _ 0 . 9 8 i 2.456 0.988 2.151 0.993 
8 “ 4.227 0.913 _ j j 8 3 ^ 0.959 2.782 ~ 0 ^ 2.433 0.988 2.131 0.993 
9 /11«« n Q i : ^ J _ 3 5 2 _ J | j 5 9 ^ _ Z ^ 0.980 2.411 0.988 2.111 0.993 
To Ai/iQ n Q i : ^ J _ 3 2 2 _ _ 0 j 5 9 _ _ 2 ^ 0.980 2.389 0.988 2.092 0.993 
U 4.112 0.913 3.291 0.959 2.706 0.980 2.367 0.988 2.073 0.993 
^2 An7x^ n Q i : ^ ^ ^ _ g j g j _ _ g j g g _ _ j j g ^ 0.980 2.346 0.988 2.054 0.993 
?3 An7« n Q i : ^ T ^ _ Q j 5 9 _ _ 2 ^ 0.980 2.325 0.988 2.036 0.993 
U Ann? n ^ ^ 2 j Q 3 _ _ 0 j 5 9 _ _ j j 3 4 _ 0.980 2.304 0.988 2.018 0.993 
^5 3.967 0.913 3.175 0.959" 2.611 0.980 2.284 0.988 2.000 0.993 
^6 >^cm _ n ^ j m L ± g g i J - ^ ^ ^ 0.980 2.264 0.988 1.983 0.993 
^7 3 899 ^ £ [ j _ ] j ^ 2 j L _ g j g g _ ^ j g g _ 0.980 2.244 0.988 1.966 |0.993 
^8 ^ftRR _ j ^ _ g 2 ^ ^ ^ j j g ^ _ g j g g _ ^ g j j j ^ 0.980 2.225 0.988 1.949 0.993 
^9 q f t q q _ ; ^ _ g ^ ^ ^ _ g g g _ _ g j g g _ J j g g ^ 0.980 2.206 0.988 1.932 0.993 
20 3.801 0.913 _ j j 4 2 0.959 2.502 ~ 0 ^ 2.188 0.988 1.916 0.993 
2^ 3.769 0.913 _ 3 ^ 0.959 2.481 " o ^ 2.170 0.988 1.900 0-993 
^ 3.738 0.913 _ 2 j 9 2 0.959 2.460 " o ^ 2.152 0.988 1.884 0.993 
S 3.707 0.913 ^ j 6 7 0.959 2.440 T ^ 2.134 0.988 1.869 0.993 
24 3.677 0.913 ^ j 4 3 0.959 2.420 " 5 ^ 2.117 0.988 1.854 0.993 
25 r^fi47 0 913 2.919 0 j ^ _ 2 ^ 4 0 1 0.980 2.100 0.988 1.839 0.993 
26 3.618 0.913 2.896 0.959 2.381 " o ^ 2.083 0.988 1.824 0.993 
^ 3.590 0.913 _ 2 j 7 3 0.959 2.363 " o ! ^ 2.066 0.988 1.810 0.993 
S 3.561 ~~0.913 2.850 0.959 2.344 0.980 2.050 0.988 1.795 0.993 
S :¾?;:¾:¾ Q,913 _ j j 2 8 ^ 0.959 2.326 0.980 2.034 0.988 1.781 0.993 
30 -^ f^nfi _ g _ g 2 i _ M g g _ _ M g j _ _ 2 . 3 0 8 0.980 2.018 0.988 1.767 0.993 
3^ 3 479 0.913 2.784 _ 0 j ^ ^ 2 9 0 0.980 2.003 0.988 1.754 0.993 
^ ^ 4 5 3 _ Q £ [ 3 _ _ 2 ^ ^ _ 0 j 5 9 ^ J . 2 7 2 0.980 1.987 0.988 1.740 0.993 
• 33 3.426 _ 0 j 2 3 ^ ^ 4 2 0.959' 2.255 " 5 ^ 0 1.972 0.988 1.727 0.993 
34 3.401~~0.913 2.722 _ 0 j 5 9 ^ [ z 2 3 8 " 0.980 1.958 0.988 1.714 0.993 
S 3 375 _ Q £ l 3 _ _ 2 J 0 j _ j j 5 9 2.222 0.980 1.943 0.988 1.702 0.993 
36 3 35Q _ Q f l 3 _ _ 2 j 8 j _ ^ 5 9 2.205 0.980 1.929 0.988 1.689 0.993 
^ 3.326 _ Q j l 3 _ _ 2 j 6 2 _ j j 5 9 ^ 2.189 0.980 1.914 0.988 1.676 0.993 
S 3.301 _ Q £ [ 3 _ ^ ^ 6 4 2 _ j j 5 ^ 2.173 0.980 1.900 0.988 1.664 0.993 
S 3.277 0.913 2.623 0.959 2.157 " o ^ 1.887 0.988 1.652 0.993 
40 3.254 0.913 2.604 0.959 2.142 0.980 1.873 0.988 1.640 0.993 
‘ 7^ 3.231 ~~0.913 2.586 j j g g ^ ^ T T i ^ 0.980 1.860 0.988 1.629 0.993 
Z 3.208 0.913 2.567 0.959 2.111 0.980 1.847 0.988 1.617 0.993 
. i t H ^ , _ ^ ^ , _ _ ^ _ ^ , ^ ^ _ _ _ , ^ _ M , i ^ _ i _ _ I • • I I • ‘ " " " " " " " " ^ " " " " ‘ _ 
true min availability 0.913 0.959 0 ^ 0 ^ 0.993 
true average cost ~ 7 J ^ 5 . ^ 5.597 5 ^ 6.119 
efficiency “ 0.733 0.939 1.000 0.974 0.915 
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Table 14. The minimum average cost and the optimal IRR policy as C, varies for r(a,p). 
P |0.810| 0.855 | 0 . 9 * | |0.945| | 0 . 9 9 0 | — 
: availability " o i s o " " o i s o " 0-980_ 。郎。 0.980 
averagecost 5 . 6 9 9 _ ' Z Z U ^ ^ i 5 ! T 5-^50 5.505 
number of inspection 41 £| j } £ ! 1 ! 
~ ~ j ^ ~ T ~ 9 s, e Si e Sj e 
] 3.059 0.980 3.059 ^ 9 8 ^ 3.059 0.980 3.059 0.980 3.059 0.980 
2 T s ^ j j ^ j j O Q 0-981 2.947 0.980 2.985 0.979 3.021 0.978 
3 oftAi n Qft7 j W _ Q j 8 ^ j j ^ j ^ 9 8 0 2.955 0.979 2.991 0.978 
4 , a i > ^ _ g _ g ^ J ^ _ g j g j _ j j ^ _ g j g g ^ j . g 2 7 0.979 2.962 0.978 
T , 7 a R _ ^ ^ ^ 2 j ^ j j ^ j j g g _ _ g j g g ^ J ^ 0 . 9 7 9 2.934 0.978 
G , 7 * ^ o _ g ^ Z ^ j j ^ j j ^ - 0 . 9 8 0 ^ ^ 0 . 9 7 9 2.906 0.978 
r 2.733 0.982 2.772 0.981 2.808 0.980 2.844 0.979 2.878 0.978 
8 2.708 ^ 8 2 T 7 ^ ^ 0 ^ j ^ _ O ^ l £ l Z _ 0.979 2.851 0.978 
i , f ^ f l q ^ ^ ^ 3 ^ j j ^ j £ g g _ _ g j g g ^ ^ ^ ^ 0 . 9 7 9 2.825 0.978 
丨 ^ 2.658 0.982 T s i T 0.981 _ 2 ^ _ 0 j 8 0 _ j ^ 0.979 2.799 0.978 
‘ :pj , f i > ^ 2 i ^ ^ ^ j j ^ j j ^ j j ; g g ^ ^ j g g ^ l ^ 0.979 2.774 0.978 
^ 2.610 ^ . 9 8 2 T i ^ " 0 i ^ j j 8 2 _ _ 0 j 8 0 _ j ^ 0.979 2.749 0.978 
n 9 ^ 7 _ ^ ^ ^ J ^ _ g j g ^ j j ^ j . 9 8 0 2^692 0.979 2.724 0.978 
U 2.564 0.982 2.600 0.981 _ 2 j 3 4 _ 0 j 8 0 _ 2.668 0.979 2.700 0.978 
?5 2.542 0.982 T i ^ " 5 ! ^ ] g j j j _ _ g j g g _ ] g j j i 0-979 2.676 0.978 
?6 2.519 0.982 T i ^ " 5 ^ j j g g _ _ g j g g ^ j j g l _ 0-979 2.653 0.978 
V7 T ^ ' ^ ^ J ^ 0 ^ 2 ^ 0 ^ T ^ 0.979 2.630 0.978 
^8 2.476 0.982 T 5 T T " " 0 i 8 r j j 4 4 _ 0 j 8 0 _ j ^ 0.979 2.608 0.978 
^9 2.455 0.982 T ^ " " o i 8 T j j 2 3 _ _ O j 8 ^ j j 5 ^ 0.979 2.586 0.978 
严 i 5 9 21^ ^ _ n ^ 2 i g j _ g j i L i : g g g _ A ^ ^ Q 2.533 0.979 2.564 0.978 
丨二 2^ 2.414 0.982 T ^ l i 8 T " j ^ _ 0 j g 0 _ j ^ [ 2 _ 0.979 2.543 0.978 
22 T 3 ^ 0.982 T ^ T ^ 2 j 6 0 _ 0 j 8 0 _ ^ ^ 0-979 2.522 0.978 
^ ， ” 《 ^ _ ^ ; _ g g £ _ j j ^ j j ^ ^ ^ _ g j g g ^ 2.471 0.979 2.501 0.978 
: 24 7 ^ f i nQR2 2 £ 8 8 _ _ 0 j 8 j _ _ 2 ^ ^ . 9 8 0 2.451 0.979 2.481 0.978 
25 2.337 0.982 T 3 6 F l ^ j ^ _ 0 j 8 0 _ _ Z 4 3 j _ 0.979 2.461 0.978 
: ^ 2.318 0.982 T ^ T 9 8 ? j ^ j D j 8 0 _ 2 £ [ £ 0-979 2.441 0.978 
27 7 7QQ 0 982 j j ^ j j ^ j j 6 3 0.980 "2.393 0.979 2.422 0.978 
28 7 7S1 nQfi2 j ^ _ 0 j 8 j _ ^ j 4 4 _ 0 j 8 0 "2.374 0.979 2.402 0.978 
^ ? ? f U 0 9fi2 j ^ j j ^ j j 2 £ _ 0 j 8 0 ^ 2.355 0.979 2.384 0.978 
30 7 74fi Q982 j j ^ _ 0 ^ ^ j 0 g ^ j j 8 0 " 2.337 0.979 2.365 0.978 
^ 2.229 0.982 j j g g ^ " ^ i ^ r _ 2 . 2 9 0 0.980 2.319 0.979 2.347 0.978 
^ 2.212 0.982 2.243 0.981 2.272 0.980 2.301 0.979" 2.329 0.978 
^ 7 195 Q.982 T ^ ^ j 8 j _ _ 2 j 5 5 ^ _ 0 : 9 8 0 ' 2.284 0.979 2.311 0.978 
— ^ 2.178 0.982 2.209 0.98l" 2.238 0.980 2.267 0.979 2.294 0.978 
— ； i s ] ^ ^ ] ^ j ^ J ^ _ g j g j _ j j g g _ j j g g ^ 2.250 0.979 2.277 0.978 
^ l j j ^ j j ^ j ^ ^ : g i L A ^ 0.980 2.233 0.979 2.260 0-978 
欲 ^ 2.130 0.982 2.160 0.981 2.189 1 ^ ^ 2.217 0.979 2.243 0.978 
— S 2 . 1 1 5 _ g j g g _ ^ j ^ _ g j g j _ _ g ^ ! 9 8 0 2.200 0.979 2.227 0.978 
_ 39 J ^ j j ^ ^ ^ _ g j g j _ j ^ _ g j g g ^ 2.184 0.979 2.211 0.978 
^5 2.084 0.982 2.114 0.981 2.142 T i s o " 2.169 0.979 2.195 0.978 
— ^ 2.070 _ 0 j 8 2 ^ j j 9 8 0.981 2.126 0.980 2.153 0.979 2.179 0.978 
^n 2.055 ^ j g g ^ j ^ 0 8 4 0.981 2.111 0.980 2.138 0.979 2.164 0.978 
"‘‘ true min availability j j ^ _ O j g ^ _ ^ 0 0.979 0.978 
true a v e r a g e _ c o s ^ j ^ j j 4 7 _ 5^597 5.598 5.602 
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Table 10. The minimum average cost and the optimal IRR policy as p' varies for r(a,p). 
p' 0.810 0.855 0.9* 0.945 0.990 
availability 0.978 0.978 0.980 0.980_ 0.980 
average cost l i i s i T 1 ^ 5.597* 5.444 5.286 
number of inspection 39 40 ^ 1? ^ 
S' _ _ g _ Sj 9 Si e Sj e Si e 
^ :^i.^fl Q . 9 7 8 j J [ 3 8 _ _ 0 j ^ j j 5 9 ^ j ^ 9 8 0 " 3.059 0.980 3.059 0.980 
2 一 3.022 0.978 3.022 " o ^ _ 2 j 4 ^ _ o j ^ _ g j l Z _ j l ^ 2.947 0.980 
3 ~ 2.993 0.978 2.993 0.978 2.918 0.980 2.918 0 ^ 2.918 0.980 
4 — 9Qfi4 _ g j j ^ j j g j ^ _ g j j ^ _ g j g g _ _ g j ^ 2:890 T 9 8 0 " 2.890 0.980 
5 2.935 0.978 2.935 0.978 2.862 0.980 2.862 0.980 2.862 0.980 
6 2.907 0.978 2.907 0.978 2.835 0.980 2.835 0.980 2.835 0.980 
7 2.880 0.978 j j ^ j j ^ 2.808 0.980 "2.808 0.980 "2.808 0.980 
8 2.853 0.978 2.853 0.978 2.782 0.980 2.782 0.980 2.782 0.980 
g 2.827 0.978 2.827 _ 0 j ; ^ j J 5 6 ^ _ 0 . 9 8 0 " 2.756 0.980" 2.756 0.980 
W Z80T 0.978 i i ^ 0.978 -2.731 j jgg_ j^_g jgg_]g^_gjg^ 
ri 2.775 0.978 2.775 _ 0 j ^ j ^ _ 0 j g 0 ^ j J 0 6 0.980" 2.706 0.980 
?2 2.750 0.978 2.750 0.978 2.682 0.980 2.682 0.980 2.682 0.980 
r3 2 726 0.978 j ^ _ O j ^ Z ^ _0.980" 2.658 0.980 2.658 0.980 
U 2.702 0.978 j ^ ; ^ _ 0 j 7 8 _ _ 2 j 3 4 ^ j ^ 9 8 0 " 2.634 0.980 2.634 0.980 
?5 2 6 7 8 0.978 _ 2 £ ^ _ 0 j 7 8 _ j j ^ _ 0 j 8 0 _ j ^ 0.980" 2.611 0.980 
^ 2.655 0.978 2.655 0.978 2.589 0.980 2.589 0.980 2.589 0.980 
?7 2.632 0.978 _ 2 ^ _ O j ^ j j 6 6 ^ ^ 9 8 0 " 2.566 0.980 2.566 0.980 
?8 2.6Q9 0.978 2.609 _ 0 j ^ _ 2 j 4 4 0.980 2.544 0.980 2.544 0.980 
?9 2.587 0.978 2.587 ~ 0 ^ 2.523 0.980 2.523 0.980 2.523 0.980 
f ^ 2.565 0.978 T ^ " " 5 i 7 i " ] g j g g _ _ g j g g _ ^ j g g _ _ g j g ^ _ _ 2 . 5 0 2 0.980 
T^ 2.544 0.978 2.544 0.978 2.481 0.980" 2.481 0.980^ 2.481 0.980 
22 2.523 0.978 2.523 0.978" 2.460 0.980" 2.460 "a980" 2.460 0.9g0 
23 2.502 0.978 2.502 0.978" 2.440 0.980" 2.440 " o i i o " 2.440 0.980 
24 2.482 0.978 2.482 _ 0 j ^ j ^ 4 2 0 ^ 0.980 2.420 0.980 2.420 0.980 
25 2.462 0.978 2.462 0.978" 2.401 0.980" 2.401 l ^ i ^ 2.401 0.980 
26 2.442 0.978 2.442 0.978" 2.381 0.980" 2.381 " o i s ^ 2.381 0.980 
27 2.423 0.978 2.423 0.978 2.363 0.980 2.363 0.980" 2.363 0.980 
28 2.404 0.978 2.404 0.978" 2.344 0.980" 2.344 T ^ 2.344 0.980 
29 2.385 0.978 2.385 _ 0 j ^ j j 2 6 ^ 0.980 2.326 0.980 2.326 0.980 
30 2.366 0.978 2.366 _ 0 j ^ j j 0 8 0.980 2.308 0.980 2.308 0.980 
I i^ 2.348 0.978 j . 3 4 8 0.978 2.290 0.980" 2.290 0.980" 2.290 0.980 
i 32 2.330 _ O j ^ ^ 2 ^ _ O j ^ Z ^ _ 0 j 8 0 ^ j . 2 7 2 0.980" 2.272 0.980 
� ^ 2.313 0.978 T s T ? 0.978 2.255 0.980 2.255 0 j 8 ^ j j 5 5 ^ _ 0 j 8 0 ^ 
^ 34 2.295 0.978 2.295 0.978 2.238 0.980 2.238 0.980" 2.238 0.980 
: 35 2.278 0.978 “ 2.278 0.978 2.222 0.980' 2.222 0.980" 2.222 0.980 
36 2.261 0.978 2.261 0.978" 2.205 0.980 2.205 0.980 2.205 0.980 
37 2.245 0.978 2.245 0.978_ 2.189 0.980 2.189 0.980 2.189 0.980 
^ 2.228 0.978 2.228 0.97S" 2.173 0.980 2.173 0.980 2.173 0.980 
39 2.212 0.978 2.212 0.978" 2.157 0.980 2.157 T ^ 0 2.157 0.980 
^ 2.196 0.978 2.142 0.980" 2.142 0 . 9 ^ 2.142 0.980 
^^ 2.126 0.980' 2.126 0.980 2.126 0.980 
« 2.111_ 0.980 2 . 1 l T 0.980 
^ — 2.096 ~ 0 ^ 
^ “ 2.082 ~0^ 
I Z 2.196 0.978 2.181 0.978 2.111 0.980 2.096 0.980 2.067 0.980 
. ' > n _ _ ^ ^ ^ ^ ^ _ ^ _ - _ _ i i > a ^ _ o * _^___^____^_^^ _ ^ _ _ _ _ ^ _ ^ _ _ _ _ ^ _ ^ _ . . _ . . _ _•丨 •!• • 
true min availability 0.978 0.978 0.980 0.980 0.980 
true average cost 5.603 5.601 5.597 5.597 5.603 
: efficiency 0.999 0.999| |l.000| |l .000| |o.999| 
_ 56 
Table 11. The minimum average cost and the optimal IRR policy as X| varies for r(a,p). 
X, 0.10 0.15 0.2* 0.25 0.30 
availability O ^ Z Z j l ^ Z Z j j ! L 0.980 0.980 
average coit 5.759 5.678 5.597* 5.518 5 ^ 
number of inspection ^ ~ ~ ^ ^ 1 ! 1? 
Sj ~ T ~ " s: e s, e Si 9 Si e 
1 ^ir^ft ^ g I i l i H L j j I g - ^ j ! L _ Q - ^ ^ Q 3.059 0.980 3.059 0.980 
2 3.022 0.978 3.022 _Oj7g^ 2.947 0.980 2.947 0.980 2.947 0.980 
3 “ ?Q93 0.978 2.993 _ 0 j ^ _ 2 j 2 8 _ ^ 0 j 8 0 ^ ^ . 9 1 8 ~ 0.980 2.918 0.980 
4 2.964 0.978 2.964 ^ 9 7 8 2.890 " o ^ 2.890 0.980 2.890 0.980 
5 7Qr^S Q.978 ^ j j 3 5 _ j j ^ _ 2 j 6 2 _ j | ^ ^ 6 2 T i s O 2.862 0.980 
6 9Qn7 0 978 _ 2 j 0 ^ j j ^ J j 3 5 _ j j ^ _ 2 j 3 5 "0980* 2.835 0.980 
7 2.880 0.978 2.880 _ O j j ^ 2.808 0.980 2.808 0.980 2.808 0.980 
8 2.853 0.978 2.853 i y ^ _ 2 J 8 ^ j j ^ _ 2 ^ ^ _ 0 j 8 ^ 2.782 0.980 
g 2.827 0.978 2.827 " o ^ ^ ^ ^ j j ^ _ g Z g L ^ ^ 2.756 0.980 
To , ftni n 978 J j 0 2 _ j j ^ ^ ^ ^ j j ^ _ ^ 1 " 0 ^ 2.731 0.980 
:pj 2.775 0.978 2.775 0.978 2.706 0.980 2.706 0.980 2.706 0.980 
Ti 2.750 0.978 2.750 0.978 _ 2 j 8 2 0.980 2.682_ 0.980 2.682 0.980 
^3 2.726 0.978 2.726 ] ^ 8 2.658 0.980 2.658 "0.980 2.658 0.980 
14 9 707 0 978 ^ ^ ^ j j ^ _ J j 3 4 _ j j ^ ^ j 3 4 " o ^ 2.634 0.980 
^ 7fi7R 0 978 _ 2 £ ^ j j ^ _ j £ n _ j j ^ ^ j 1 ^ 1 " 0 ^ 2.611 0.980 
~ l 6 2.655 0.978 T i s T T ^ 2.589 0.980 2.589 0.980" 2.589 0.980 
?7 7fi32 0.978 2.632 _ 0 j ^ ^ j 6 6 _ 0.980 2.566 0.980 2.566 0.980 
?8 9finQ n 978 _ 2 j Q 9 _ j j ^ _ 2 j 4 4 _ j j ^ _ 2 j ^ ^ 1 ^ 2.544 0.980 
Ti 2.587 0.978 T E ^ T ^ ' 2.523 0.980 2.523 0 j 8 0 ^ ^ 5 2 3 _ 0 j 8 0 _ 
S 2.565 0.978 _ 2 j 6 5 _ j j ^ J . 5 0 2 0.980 2.502 0.980" 2.502 0.980 
Tl 2.544 0.978 2.544 ]o978 2.481 "a980" 2.481 0.980 2.481 0.980 
22 2.523 0.978 2.523 _ 0 j ^ ^ 6 0 0.980 2.460 0.980 2.460 0.980 
23 2.502 0.978 2.502 _ 0 j ^ _ 2 . 4 4 0 0.980 2.440 0.980 2.440 0.980 
24 2.482 0.978 2.482 _ 0 j j ^ _ 2 . 4 2 0 0.980 2.420 0.980 2.420 0.980 
25 2.462 0.978 2.462 "0978 2.401 ~ 0 ^ 2.401 0.980 2.401 0.980 
26 2.442 0.978 2.442 1 ^ 2.381 " o i ^ 2.381 0.980" 2.381 0.980 
27 2.423 0.978 2.423 0.978 j . 3 6 3 0.980 2.363 0.980 2.363 0.980 
28 2.404 0.978 2.404 0.978 2.344 0.980 2.344 0.980 2.344 0.980 
29 2.385 0.978 2.385 0.978 2.326 " o i o ^ 2.326 0.980 2.326 0.980 
^ 2.366 0.978 2.366 _ 0 j ^ 2.308 0.980 2.308 0.980 2.308 0.980 
T^ 2.348 0.978 2.348 0.978 2.290 0.980 2.290 0.980 2.290 0.980 
32 2.330 0.978 2.330 0.978 2.272 "a980" 2.272 0.980 2.272 0.980 
33 2.313 0.978 _ 2 j j 3 _ T ^ 2.255 T 9 8 0 2.255 "0.980 2.255 0.980 
34 2.295 0.978 2.295 0.978 j . 2 3 8 0.980 2.238 0.980 2.238 0.980 
: 35 2.278 0.978 2.278 0.978 2.222 0.980 2.222 0.980 2.222 0.980 
36 2!26l~"0.978 2.261~~0.978 2.205_ 0.980 2.205 0.980 2.205 0.980 
37 2.245 0.978 2.245 _ 0 j ^ _ 2 ^ / a 9 8 ^ 2.189 "0.980 2 . 1 8 9 ^ 0 j 8 0 _ 
38 2.228 0.978 2.228 0.978 2.173 0.980 2.173 0.980 2.173 0.980 
39 2.212 0.978 2.212 0.978 _ 2 ^ ^ "0.980 2.157 0.980 H s T " 0.980 
^ 2.196 0.978 ^ £ [ ^ _ 2 ^ _ £ £ [ ^ ] ^ ^ ^ ^ £ [ ^ _ 5 ^ 5 5 5 _ _ ^ ^ ^ 2 : f 5 2 _ 
^ 2.181 0.978 _ ^ ^ 2 £ [ _ _ 2 ^ _ ^ ^ l ^ _ ^ : £ 5 2 _ _ ? J i L ^ ^ : ? ? 2 _ _ ? d H ^ ^ i ! L 
^ 2.111 0.980T 
^ „ 2.165 0.978 2.165 0.978 2.111 0.980 2.111 0.980 2.096 0.980 
true min availability 0 . 9 7 ^ ~ 0 ^ 0.980~ 0.980 0-980 
~~~true average cost~~~ 5.600 ^ ] ^ 5.600 5.597 5.597 5.597 
efficiency 0.999 0.999 — 1.000 1 000 1.000 
、 
t 5 7 I 
Table 19. The minimum average cost and the optimal IRR policy as I, varies for e x p ( y ) . 
^i 0.150 0.225 0.3* 0.375 0.450 
availaLity _ f ^ j j ^ _ _ _ g j 8 ^ 。鄉 ^ 
averagecost 5.625 " l j T T 5.597* 5.583 5 ^ 
number of inspection 41 £| ^ H 
~~ 1^ ft ^ Q s, e Sj e S, e 
T 3.059 0.980 3.059 " o i s o " 3.059 0.980 3.059 0.980 3.059 0.980 
J 7 947 Q.980 _2 j4^ j j^J .947 0.980 2.947 0.980" 2.947 0.980 
T oQ^ fl n Qftn j_^_Qj80__2^[8_jj80 2.918 0.980 2.918 0.980 
4 o«Qn n Qftn [ 7 ^ j j ^ _ 2 j 9 0 _ j j 8 0 2.890 0.980 2.890 0.980 
5 o « « � ^ ^ 3 ^ j j ^ [ | j g g _ _ g j g g ^ ^ j j i r 0.980 2.862 0.980 
6 op^^ f ^ j j ^ ^ j 8 Q ^ J j 3 5 0.980 2.835 0.980 2.835 0.980 
7 o « n « j ^ 2 j ^ j j ^ I E ^ 0 . 9 8 0 2.808 0.980 2.808 0.980 
i 7T«o n ^ ^ 2 ^ _ g f ! 2 _ j ^ °-^ °^ 2.782 0.980 2.782 0.980 
9 2.756 0 j 8 0 J . 7 5 6 0.980 2.756 0.980 2.756 0.980 2.756 0.980 
W 2.731 0 ^ J J ^ _ ^ 9 8 0 2.731 0.980 2.731 0.980 2.731 0.980 
U 0 7nR noftn ^ r ^ j | ^ _ 2 ^ 0.980 2.706 0.980 2.706 0.980 
2^ 2.682 0.980 "T6E"jj^^_2j82__0j80^ 2.682 0.980 2.682 0.980 
^ ofi^ fl nQB0[|^j j^_2j58^ 0.980 2.658 0.980 2.658 0.980 
U 9fi^ A nQSn | T ^ j j ^ _ 2 j 3 4 ^ 0.980 2.634 0.980 2.634 0.980 
?5 ofin nQftn 3 1 ^ j l ^ _ g j l L °-^ °^ 2.611 0.980 2.611 0.980 
?6 ^^«Q n o f t ^ m M I _ g j ! g . J j ^ 0-980 2.589 0.980 2.589 0.980 
U o^ fifi nosn j j ^ j j ^ ^ 2 j 6 6 _ 0.980 2.566 0.980 2.566 0.980 
W ^^ AA ^ | ^ ^ ^ j ^ _ g j g g _ J j ^ 0.980 2.544 0.980 2.544 0.980 
?9 ,«;,? n Qftn j j ^ j j ^ _ 2 j 2 ^ 0.980 2.523 0.980 2.523 0.980 
20 �^n9 n Qftn j j ^ j j ^ ^ _ 2 j 0 2 _ 0.980 2.502 0.980 2.502 0.980 
2l o^«i _ 2 _ g ^ 3 f ^ j l ^ ^ j : ^ 0.980 2.481 0.980 2.481 0.980 
E OARn n Q s n _ 7 _ ^ j j ^ _ Z 4 6 0 ^ 0.980" 2.460 0.980 2.460 0.980 
23 OAAn nQRn 2 440 _ Q ^ _ 2 ^ 4 ^ ^ 9 8 0 2.440 0.980 2.440 0.980 
24 2.420 0.980 T ^ " o i ^ 2.420 0.980 2.420 0.980_ 2.420 0.980 
25 9Ani nQfin_2_4m_j|^^jOj_ 0.980" 2.401 0.980 2.401 0.980 
26 2.381 0.980"T5iT"^ii5"_gjgj__gjg^_gjg^_gjgg^ 2.381 0.980 
27 , R^7 n Qftn J j ^ _ C ^ ^ j 6 3 0.980 2.363 0.980 2.363 0.980 
28 2.344 0.980 T3^"^^^jjj j__gjgg__gjj j_^jgg^ 2.344 0.980 
29 9 9^fi n Qfin _2_326_jj^_2j26^ 0.980T 2.326 0.980 2.326 0.980 
^ 9^ nft n QSn ^ j Q 8 _ j j ^ _ 2 j 0 8 _ j j ^ ^ j 0 8 " o ^ 2.308 0.980 
3^  9 0Qn nQftn _^29Q_jj^_2j90_jj^_2j90 1^ 980^  2.290 0.980 
^ , m , n g f i D _ £ £ ^ j j ^ _ j j j g _ j j ^ ^ j 7 2 "oiio" 2.272 0.980 
^ ”…n9ftQ _ 2 j 5 ^ j j ^ J j 5 5 _ j j ^ ^ j 5 5 " o ^ 2.255 0.980 
34 ? ” � nQfiQ ^^3g_ji^_2j38_jj^_2.238 "oli^ 2.238 0.980 
： 35 2.222 0.980 2.222 0.980 2.222 0.980 2.222 0.980 2.222 0.980 
36 2 i 2 0 T T ^ 2.205 "0^_2 j05_ j j^^ j05_ j j gg_ 2.205 0.980 
37 2.189 0.980 2.189 " 0 9 ^ 2.189 0.980 2.189 0.980 2.189 0.980 
38 ？ 17:¾ 0.980 ^ £ ^ _ g j g ^ _ j £ ^ j j ^ ^ ^ 3 "0.980 2.173 0.980 
^ 2.157 0.980 2.157 T ^ 2.157 0.980 2.157 0.980 2.157 0.980 
40 2 142 0.980 _g^^^_gjgg__j^[jg_jj^j.142 "0.980 2.142 0.980 
4^ 2.126 0.980 2.126 ~ Q ^ 2.126 0.980 2.126 0.980 2.126 0.980 
^ ^ 2.111 0.980 “ 2.111 0.980 2.111 0.980 2.111 " o i s ^ 2.111 0.980 
true min availability " 0 9 ^ " 5 ! i ^ ""^^^_^__gigg2 。咖 
true average cost 5.597 5.597~ 5.597 5.597 5.597 





Table 19. The minimum average cost and the optimal IRR policy as I, varies for e x p ( y ) . 
f； |2.5(1+0.02(i-1)) |3.75(1+0 02(i-1)) |5(1+0.02(i-1)r |6.25(1+0 02(i-1)) |7.5(1+0.02(M)) 
availability 0 . 9 8 6 | 0.982 _ 0-980 0.978 0.974 “ 
average cost ~ I i ^ Z Z Z " ^ ^ 5.597* ! : H ? ^ J I 1 -
number of inspection 55 ^ 1 ! ?Z — 
^ " " A s, 9 s, 9 Sj e s, 9 
\ ^^~~nQ86 _g j^_g jgg_I^059 0.980 3.138 0.978 3.282 0.974 
2 7fifi7 Q j 8 ^ _ 2 j 6 ^ ^ j j ^ _ _ 2 j 4 ^ ' 0.980 3.022 0.978 3.160 0.974 “ 
1 2.660 0.986 “ 2.839 " o 9 8 2 " 2.918 —0.980 2.993 _ 0.978 3.129 0.974 
A 2.635 0.986 “ 2.811 ""5^j^_gjgg_]]^jg^_jjgj_ 0.978 3.099 0.974 
5 2.609 0.986 “ 2.784 "0^^_2j62__0j80__j j35_ 0.978 3.069 0.974 
6 2.584 0986 2.758 0.982 2.835 0.980 2.907 0.978 3.040 0.974 
7 o^«n n o f t ^ _ 7 2 ^ I j j ^ _ 2.808 0.980 2.880 0.978 3.011 0.974 
8 2.536 0 j 8 ^ _ 2 . 7 0 6 T ^ 2.782 0.980 2.853 • 0.978 2.983 0.974 
9 2.513 0 j 8 6 j _ 2 . 6 8 1 ~ 0 ^ 8 2 ~ 2.756 _0 .980 2.827 • 0.978 2.956 0.974 
W 2.490 0 j 8 6 j _ 2 . 6 5 7 " a j s T " 2.731 _ 0 . 9 8 0 2.801 • 0.978 2.928 0.974 
U 2.467 0 j 8 6 j _ 2 . 6 3 3 ~ 0 9 8 7 " 2.706 —0.980 2.775 “ 0.978 2.902 0.974 
T^ 2.445 0 j 8 6 j _ 2 . 6 0 9 T i s T " 2.682 —0.980 2.750 • 0.978 2.876 0.974 
T5 2.423 0j86j_j.586 ~oi82~ 2.658 —0.980 2.726 • 0.978 2.850 0.974 
U 2.402 0 j 8 6 j _ 2 . 5 6 3 ~ 0 9 8 2 ~ 2.634 —0.980 2.702 0.978 2.825 0.974 
^ o ^ ^ n ^ _ 2 j ^ 3 ^ - j j l ^ - °-^ °^ 2.678 0.978 2.800 0.974 
6^ o^ ftn nQR^_7£^^]Qi^_j.589 0.980 2.655 0.978 2.776 0.974 
U ？ 竹 。 j ^ ^ ^ _ 2 _ ^ _ g j ^ _ g : g g i _ _ g j g g _ - 2.632 0.978 2.752 0.974 
?8 2.319 0 j 8 6 j _ Z 4 7 5 ~ 0 9 8 2 " 2.544 0.980 2.609 0.978 2.728 0.974 
?9 o ^ n ^ _ 7 _ ^ ^ j | ^ ^ j ^ 0 - ^ 2.587 0.978 2.705 0-974 
i 5 2.280 0 j 8 g J _ 2 . 4 3 3 T i i T " 2.502 0.980 2.565 0.978 2.682 0-974 
Y^ 2 ! 2 i l ~ ~ 0 . 9 8 6 2 .413 " 0.982 2.481 0.980 “ 2.544 0.978 2.660 0-974 
i 5 _ j ; : ! ^ _ : L ^ _ l i ^ I ^ j ^ ^ : ^ 0.980 2.523 0.978 2.638 0.974 
^ � � , A n Q ^ _ 7 T ^ _ O j 8 2 _ _ 2 ^ ^ 4 4 0 0.980 2.502 0.978 2.616 0.974 
24 2.206 0 j 8 6 j _ Z 3 5 4 ~ ~ 0 ^ 2.420 _ 0 . 9 8 0 2.482 0.978 2.595 0.974 
25 � i « a j ; ^ ^ _ £ j ^ ^ ^ j ^ _ g ^ j g ^ _ g j g ^ 2.4SF 0.978 2.574 0.974 
^ oi7i j ^ ^ ^ _ ^ ^ ^ ^ ^ ^ | ^ _ j j g ^ _ g j g g ^ 2.44厂 0.978 2.554 0.974 
27 2.154 —0.986 2.298 0 . ^ _ 2 j 6 3 _ _ 0 j 8 0 _ _ 2 ^ 4 2 3 _ 0.978 2.533 0.974 
28 2^i37““0 .986 2 .280 " 0.982 2.344 0.980 “ 2.404 0.978 2.513 0.974 
29 9 ” n _ 2 _ ^ _ Z i g j _ I ^ j g i _ _ j j g g _ _ g j g g 2.385 0.978 2.494 0.974 
30 9 i f M j ^ ^ ^ _ ^ ^ ^ ] j j ^ _ g j g g _ ^ j 8 0 2 . 3 6 r " 0.978 2.474 0.974 
3^ 2 ^ ~ ~ 0 . 9 8 6 2.22B~ 0.982 2.290 0 .980 " 2.348 0.978 2.455 0.974 
32 Z 0 7 2 “ “ 0 . 9 8 6 _ 2 2 ^ _ 0 _ ^ 9 ^ ' ^ 7 2 0.980 “ 2.330 ~ 0 9 7 8 ~ 2.437 0.974 
33 2.056 0.986_ 2.194 0.982 2.255 “ 0.980 2.313 0.978 2.418 0.974 
^ 2.040 0.986 2.177 0 . 9 j 2 _ _ 2 j 3 8 _ _ 0 j 8 ^ _ 2 j 9 5 _ 0.978 2.400 0.974 
35 2.025 _ 0 j g ^ 2.161 0.982 2.222 0.980 2.278 0.978 
36 2.010 _ _ 0 j 8 ^ 2.145 0.982 2.205 0.980 2.261 0.978 
37 1.995 0 j 8 ^ _ 2 J g 9 _ ] ] 0 j 8 2 _ _ 2 ^ 8 9 ~ 0.980 ~2.245 0.978 
38 1.981 0.986 2.114 “ 0.982 2.173 0.980 
39 1.966 0.986~ 2.098 “ 0.982 2 . 1 1 7 " 0.980 
40 1.952 0 . 9 s i _ 2.083 “ 0.982 2 . l l F " 0.980 
4^ 1.938 0.986 2.068 “ 0.982 2 . l l T " 0.980 
42 ~ 9 2 5 0.986 2.054 " o . 9 8 2 
^ 1.911 ~ a 9 8 6 2.039_ 0.982 
^ 1.898 0.986 2.025 0.982 
45 1.885 0.986 2.011 0.982 
^ 1.872 1.986 1.997 0.982 
47 1.859 0.986 
48 1.846 "TbS6 
49 " l.834 " a 9 8 6 
50 “ 1.821 0.986 — 
51 “ 1.809 0.986 
59 
•'•： 
Table 13. (Continue) 
52 1.797 0 .98T" 
^ 1.785 0.986 
54 " T . 7 7 4 0 . 9 8 6 " 
^ 1.762 0 . 9 8 i " 
； 1751 0 j 8 6 1.983 0.982 2.111 0.980 2.228 0.978 2.382 0.974 
- t r u e min a v a i l a b i l i t y ~ ~ 5 ^ Z Z I I ° j ^ 。 咖 0.978 ^ 
true average cost " ^ 5.623 5 ^ ! :51^ ^ ^ 




Table 14. The minimum average cost and the optimal IRR policy as C, varies for r(a,p). 
^ |4(l+O 02(i-1)) |6(1+0.02(i-1)) |8(1+0.02(i-1))* |10(1+0.02(M)) |l2(1+0.02(i-1)) 
^^^^y 0.980l_ ""^ .980 ^ 8 0 0.980 0.980 
average cost — " ^ ^ " " ^ ~ 3 ^ Z Z I J : g g I ： ^ ^ ? :??? 
number of inspection 43 j ^ U — 
• i ； ~ ft^ s: — 9 Si e s, 9 Sj e 
] 5 ；^ ~ ~ 0 . 9 8 0 3.059 0.980 T o ^ 0.980 3.059 0.980 3.059 0.980 
2 J 5 ^ " ~ n Q f l n 2 _ 9 4 ^ ^ j 8 ^ [ 2 j 4 ^ _ 0 j 8 0 _ 2.947 0.980 2.947 0.980 
i 2 918 0.980 2.918 _ 0 j 8 r _ 2 j j 8 _ _ 0 j 8 0 _ 2.918 0.980 2.918 0.980 
4 " " T ^ ~ ~ 0 . 9 8 0 2.890 0.980 2.890 0.980 2.890 0.980 2.890 0.980 
5 ^ 8 6 2 ~ ~ n Q « n 7 f t g 7 _ Q j 8 Q _ 3 ^ _ 0 . 9 8 0 2.862 0.980 2.862 0.980 
I 6 o B?^  n a ^ j ^ _ ^ _ g _ ^ _ ^ 2 5 0.980 2.835 0.980 2.835 0.980 
I 7 ^ ~ ~ 0 . 9 8 0 2.808 0.980 2.808 0.980 2.808 0.980 2.808 0.980 
I 8 2 . 7 8 2 0 . 9 8 0 2 . 7 8 2 " o i s o 2 . 7 8 2 ~ 0 9 8 0 ~ 2 . 7 8 2 0 . 9 8 0 2 . 7 8 2 0 . 9 8 0 
9 n ^ ~ ~ n o a n 7 7 g f i ^ _ Q j 8 Q _ _ 2 J 5 6 _ 0.980 • 2.756 0.980 2.756 0.980 
^ 2:731 0.980 2.731 0.980 2.731 " ^ 9 8 0 2.731 0.980 2.731 0.980 
u 1 ^ ~ ~ n Qftn 7 2 g g I _ g j g g _ _ g : Z g L 0.9S0 • 2.706 0.980 2.706 0.980 
?2 i ^ ~ ~ n o f f n ^ _ g g ^ _ g j g ^ _ g j ^ _ g j g g _ _ 2.682 0 . 9 s F 2.682 0.980 
n 2 658 0.980 2.658 " a 9 8 0 2.658 ~ 0 9 8 0 ~ 2.658 0.980 2.658 0.980 
U 1 ^ ~ ~ n o f t n _ ^ ^ ^ _ Q £ 8 Q _ ^ [ 2 j ^ 0.980 2.634 0.980 2.634 0.980 
^ 2.611 0 j 8 0 j _ 2 . 6 1 1 ~ 0 i ^ 2.611 —0.980 2.611 • 0.980 2.611 0.980 
Ti 2 l ^ ~ ~ 0 . 9 8 0 2 . 5 8 9 " 0.980 _ j j g g _ _ g j g g _ : 2.589 0.980 2.589 0.980 
^ 2.566 0 j 8 0 j _ 2 j 6 6 T ^ 2.566 —0.980 2.566 • 0.980 2.566 0.980 
?8 2 l ^ ~ ~ o i i o ~ ~ 2 . 5 4 4 0.980_ 2.544 0.980 2.544 0.980 2.544 0.980 
^ 2 ^ 5 2 F 0.980 2.523 ~ ^ 0 2.523 0.980 2.523 —0.980 2.523 0.980 
^ 2.502 0 j80j_2^^502 ~ o i ^ 2.502 0.980 2.502 0.980 2.502 0.980 
2^ 1 ^ ~ ~ 0 . 9 8 0 2.481— 0.980 2.481 0.980 ‘ 2.481 0.980 2.481 0.980 
22 2 ! ^ ~ ~ O 9 8 0 ~ ~ 2 . 4 6 0 _ 0 j 8 ^ _ Z 4 6 0 " 0 . 9 8 0 2.460 0.980 2.460 0.980 
23 Z ^ ~ ~ 0 . 9 8 0 2.440 0.980 2 . ^ ^ _ g j g g _ ] j ^ j j g _ _ g j g g _ 2.440 0.980 
24 2 ^ ~ ~ n Q f t n _ ^ ^ ^ _ g j g 2 _ ^ j ^ _ g j g g _ _ 2.420 0 . 9 s 5 " 2.420 0.980 
25 1 ^ ^ ~ ~ 0 . 9 8 0 _ J ^ 4 0 r _ O j g ^ H : j g l 0 - 9 8 0 " 2.401 "5" .980 2.401 0.980 
26 2 ^ M ~ ~ n Q f t n ^ j ^ _ g j g g ^ _ g j ^ _ g j g g _ : 2 . 3 8 1 0 - 9 8 0 " 2.381 0.980 
27 2.363 0 j 8 0 j _ Z 3 6 3 " o i s T 2.363 _ 0 . 9 8 0 2.363 0.980 2.363 0.980 
28 2 ! 3 ^ " ~ 0 ^ ~ ~ 2 . 3 4 4 0.980— 2.344 0.980 2.344 0.980 2.344 0.980 
29 Z 3 2 6 ~ ~ 0 . 9 8 0 2.326 0.980 2.326 0.980 2.326 0.980 2.326 0.980 
30 2 ^ ~ ~ 0 . 9 8 0 2.308~ 0.980 2.308 0.980— 2.308 0.980 2.308 0.980 
^ Z 2 ^ ~ ~ 0 ^ " " 2 . 2 9 0 _ _ 0 j 8 ^ _ 2 . 2 9 0 0.980 2.290 0.980 2.290 0.980 
32 Z 2 7 2 ~ ~ 0 ^ ~ ~ ~ 2 . 2 7 2 0.980— 2.272 0.980 2 . 2 7 2 " 0.980 2.272 0.980 
33 2.255 0.980 2.255 ~ a 9 8 0 2.255 . 0.980 2.255 0.980 2.255 0.980 
34 2 ! 2 3 i ~ ~ 0 . 9 8 0 _ 2 j 3 8 ^ _ g j g g _ H j _ ^ ^ 0-980 “ 2.238 ~ 0 ^ 8 0 ~ 2.238 0.980 
'. 35 Z ^ “ “ n Q R n _ £ g g £ ] _ g j g g _ ] j j g g _ _ g j g g ^ _ g j g g _ 7 ^ ^ ^ ^ 2.222 0.980 
36 1 ^ “ “ 0 980 _ 2 j g ^ _ g j g g _ 2 g j g g _ _ g j g ^ _ J j g g _ > 8 0 2.205 0.980 
37 r i i 9 “ “ 0 ^ 8 0 ~ ~ 2 . 1 8 9 0.980~ 2.189 0.980 2.189 0.980 2.189 0.980 
38 r r ^ “ “ 0 . 9 8 0 2.173 0.980 1 . 1 7 3 0.980 “ g ^ ^ ^ ^ j ^ g g g _ _ g j ; ^ _ g j g g _ 
^ Z ^ “ “ 0 9 ^ “ “ 2 . 1 5 7 _ _ 0 j 8 ^ _ 2 . 1 5 7 0.980 2.157 0.980 2.157 0.980 
^ T f ^ i “ “ 0 . 9 8 0 _ 2 ^ [ 4 ^ _ 0 j 8 0 _ 2 2 ^ 2 0 . 9 8 0 " 2.142 “ 0.980 2.142 0.980 
^ 2.126 0.980 2.126 ‘ 0.980 2.126 0.980 
^ 2.111 0.980 2 . 1 1 l " 0.980 
43 2.096 0.9SF" 
i；^ 2 ! 0 i 2 “ “ 0 . 9 8 0 _ J ^ 0 9 6 _ _ 0 j 8 0 _ | ^ . 1 1 1 0 . 9 8 0 " 2.126 0.980 2.126 0.980 
true min availability 0 . 9 8 ? " _ ^ ^ O j g O O j g ^ Z Z Z I _ ° j ! g 2 : ! ? ? 
true average cost ~5 .599 5.597 — 5.597 5.598 5.598 
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Table., 15. The minimum average cost and the optimal IRR policy as y varies for exp(y). 
Y 0.5 0.75 r 1.25 1.5 
a v a i l a b i H t ^ _ I ^ Z Z i : ; ^ ^ Z Z _ ^ ^ ^ 
一 average cost _ _ 4 7 ^ ~ 59.004 68.972* — _ 7 7 ^ ! 5 d Z ? 
number of inspection 38 5® — — — 
； c ^ ^ ^ ^ T " S; e S, e s, e ^ Q _ 
2 8 16E-02 _ 0 j 2 2 ^ j j 8 E - 0 2 0 .93^ 5.55E-02 0.946 4.78E-02 0.953 4.41E-02 0.957 
3 T ^ ^ ^ ~ ^ 5.53E-02 g ^ j 4 j 9 ^ _ 0 j 4 6 _ 4.21E-02 0.953 3.88E-02 0.957 
4 7.01E-02 ^ 9 2 2 5.39E-02 ~ ^ 4.77E-02 0.946 4.11E-02 0.953 3.79E-02 0.957 
5 ' 6 ^ ^ ^ ' 0 ^ 5.26E-02 " g ^ j 4 j 5 E j 2 _ _ 0 j 4 ^ 4.01E-02 0.953 3.70E-02 0.957 
6 f^  f^7p Qo j ^ ^ j t ^ ^ T ^ g 4 54E-Q2 0.946 3.91E-02 0.953 3.61E-02 0.957 
7 6.51E-02 0 j 2 2 5.01E-02 " o ^ 4.43E-02 0.946 3.81E-02 0.953 3.52E-02 0.957 
1 fi ^^F n? ^ ^ _ £ f t « ^ j ^ j 4 j 2 | j 2 ^ ^ ^ 3.72E-02 0.953 3.43E-02 0.957 
9 ~ 6 ^ 9 E ^ ~ ^ 4.77E-02 T ^ 4.21E-02 0.946 3.63E-02 0.953 3.35E-02 0.957 
^ fi niF 0? r ^ ^ ^ ^ ^ ^ 9 4.11E-02 0.946 3.54E-02 0.953 3.27E-02 0.957 
T1 ^ OnF n? _ r ^ _ A _ ^ ^ ^ ^ 9 4.Q1E-02 0.946 3.45E-02 0.953 3.19E-02 0.957 
Ti ' T 7 5 i ^ " 0 ^ 4.42E-02 ~ ^ 2 9 3.91E-02 0.946 3.37E-02 0.953 3.11E-02 0.957 
— ^^ 5 61E-02 0^922 4.32E-02 ~ 0 ^ 3.82E-02 0.946 3.29E-02 0.953 3.03E-02 0.957 
U 5.47E-02 0 j 2 2 4.21E-02 " o ^ 3.73E-02 0.946 3.21E-02 0.953 2.96E-02 0.957 
Vs j j ^ ^ j ^ 4.11E-02 " a ^ ^ j 3 l j 2 _ _ 0 j 4 ^ 3.13E-02 0.953 2.89E-02 0.957 
^ 5.21E-02 ^ . 9 2 2 4.01E-02 ^ 3 9 3.55E-02 0.946 3.05E-02 0.953 2.82E-02 0.957 
U q n R F r o _ ; ^ J ^ _ ^ ^ ^ ^ j ^ i i g g j g _ 0 - ^ 2 . 9 8 E - 0 2 0.953 2.75E-02 0.957 
?5 7 j ^ ^ ^ o S ^ 3.82E-02 " a ^ j j 7 l j 2 _ _ O j ^ 2.91E-02 0.953 2.68E-02 0.957 
^ 4.84E-02 0.922 3.72E-02 ~ ^ 2 9 3.29E-02 0.946 2.84E-02 0.953 2.62E-02 0.957 
^ 4.72E-02 j.922— 3.63E-02 0.939 3.21E-02 0 . ^ 2.77E-02 0.953 2.55E-02 0.957 
2^ 4.61E-02 j . 9 2 2 " 3.54E-02 " o ^ 3.13E-02 0 . ^ 2.70E-02 0.953 2.49E-02 0.957 
^ 4.49E-02 0 j 2 ^ j j 6 E - 0 2 ~ 0 ^ 3.06E-02 0.946 2.63E-02 0.953 2.43E-02 0.957 
i i 1 ^flF " ^ r ^ 2 2 ! Z f L l ^ l ^ ^ ^ ° - ^ 2.57E-02 0.953 2.37E-02 0.957 
^ >1 oflF ^^ n ^ 2 Z ^ ^ J ^ 1 ^ ^ 3 : 9 ? ^ . ^ - ^ 2.51E-02 0.953 2.31E-02 0.957 
S 4.17E-02 _ 0 j 2 ^ j j 1 E - 0 2 " o i i ^ 2.84E-02 0.946 2.45E-02 0.953 2.26E-02 0.957 
^ 4.07E-02 _ 0 j 2 f ^ 3 E - 0 2 0 .937 2.77E-02 0 . ^ 2.39E-02 0.953 2.20E-02 0.957 
^ 3.97E-02 _ 0 j 2 ? j j 6 E - 0 2 " o ^ 2.70E-02 0.946 2.33E-02 0.953 2.15E-02 0.957 
S 3.87E-02 _ 0 j 2 ^ j j 8 E - 0 2 ~ 0 ^ 2.64E-02 "o.946 2.27E-02_ 0.953 2.10E-02 0-957 
S 3.78E-02 _0 j2^_Z91E-02 ~ 0 ^ 2.57E-02 "o.946 2.22E-02 0.953 2.04E-02 0.957 
^ 3.69E-02 _ 0 j 2 ^ j j 4 E - 0 2 ~ Q ^ 2.51E-02 "o.946 2.16E-02_ 0.953 1.99E-02 0.957 
^ ^ gnc-no noo9 2 7 7 ^ j _ 9 ^ ^ 5 E - 0 2 0.946 2.11E-02 0.953 1.95E-02 0.957 
^ 3.51E-02 0 . 9 2 2 2.70E-02 " 0 j 3 ^ ^ j 9 E ^ _ 0 j 4 6 _ 2.06E-02 0.953 1.90E-02 0.957 
33 ^ ^Qg-n9 nQ99 7 R!^ F.n7 j ^ 9 2.33E-02 0.946 2.01E-02 0.953 1.85E-02 0.957 
^ 3.34E-02 0.922 2.57E-02 " q j 3 9 _ j j 7 | 2 0 ^ _ 0 j 4 6 _ 1.96E-02 0.953 1.81E-02 0.957 
^ q > ^ A P - n o _ ; ^ ^ 2 ^ ^ ^ i l ^ ! ^ j ^ y E - 0 2 - 0 . 9 4 6 1.91E-02 0.953 1.76E-02 0.957 
36 ^ i«c-no n o ^ 2 ^ ^ P ^ ' ^ Q 2.16E-02 0.946 1.86E-02 0.953 1.72E-02 0.957 
37 ^ inF-no n o 9 ? 7 ^ Q F ^ _ Q j 3 9 _ _ 2 ^ E - ^ 0.946 1.82E-02 0.953 1.68E-02 0.957 
‘ i i 3.03E-02 0.922 2.33E-02 "o.939 2.06E-0^ 0.946 1.77E-02 0.953 1.64E-02 0.957 
39 0 Q*;F-n? _ n ^ _ 9 _ 7 7 ^ j j ^ j j ^ 0 2 0.946 1.73E-o7 0.953 1.60E-02 0.957 
i ^ 2.88E-02 0.922 2 2 2 E ^ l i . 9 2 9 I.QSE-oJ 0.946 1.69E-02 0.953 1.56E-02 0.957 
true min availability 0.922 ~ ^ 3 9 0.946 0：?^ ^ 
true average cost 76.165 6 9 . i 68.972 69.651 70.743 





Table 19. The minimum average cost and the optimal IRR policy as I, varies for exp(y). 
1 1.0130 1.0190 1.025* 1.0375 1.0500 
^ ; ; ¾ ^ " T i ^ 0.950—— = _ g j j ^ 0.942 0.940 
average cost Z Z j g j ^ - 65.240 68.972* I i ! ? 5 ! I : 2 5 ? 
number of inspection 56 f 5 ？? ？? — 
s, e ~ s, e s, 9 s, e s, e 
^ 4.92E-02 0 . 9 5 ^ 5.13E-02 " o ^ 5 .55E-02_ 0.946 5.98E-02 0.942 6.19E-02 0.940 
2 4.38E-02 T ^ 4.54E-02 0.950 4.89E-02 " o ^ 5.20E-02 0.943 5.32E-02 0.941 
i 4.32E-02 0.95l" 4.46E-02 " o S ^ 4.77E-02 • 0.946 5.01E-02 0.943 5.07E-02 0.943 
T 4.27E-02 0 . 9 ^ 4.37E-02 j j ^ _ 4 j 5 | j £ ] 0.946 4.83E-02 0.944 4.83E-02 0.944 
5 4.21E-02 0.950 4.29E-02 0.949 4 .54E-oF" 0.946 4.65E-02 0.945 4.60E-02 0.945 
6 4.i6E-02 0 . 9 4 ^ 4.21E-02 ~ 0 ^ 4.43E-02 0.946 4.49E-02 0.945 4.38E-02 0.947 
7 4 11E-02 0 . 9 4 ^ 4.13E-02 _ 0 j ^ _ 4 j 2 | j £ ] 0-946 4.32E-02 0.946 4.17E-02 0.948 
i Z o ^ ^ ~ ^ 4.06E-02 T ^ 4.21E-02 . 0.946 4.17E-02 0.947 3.97E-02 0.949 
9 7 o ^ ^ ~ ^ 3.98E-02 " o ^ 4.11E-02 • 0.946 4.02E-02 0.947 3.78E-02 0.950 
^ j j E ^ ^ g ^ 3.91E-02 " 0 9 4 7 4.01E-02 _ 0.946 3.87E-02 0.948 3.60E-02 0.951 
U 3.90E-02 —0.946 3.83E-02 j j j ^ _ j j 2 g j ^ I 0-9^6 3.73E-02 0.948 3.43E-02 0.953 
^ 3.85E-02 0 . 9 4 ^ 3.76E-02 _ 0 ^ _ 3 j 2 E j £ ] 0.946 3.60E-02 0.949 3.27E-02 0.954 
^ 2 M ^ ~ ^ 3.69E-02 " g ^ 3.73E-02 0.946 3.47E-02 0.950 3.11E-02 0.955 
U 3.75E-02 0.944" 3.62E-02 _ 0 ^ _ 3 j 3 | j 2 _ 0.946 3.34E-02 0.950 2.96E-02 0-956 
^¾ ~ J j ^ ~ ~ ^ 3.56E-02 " g ^ 3.55E-02 • 0.946 3.22E-02 . 0.951 2.82E-02 0.957 
^ Z : 6 6 E ^ ~ ^ 3.49E-02 " o ^ 3.46E-02 0.946 3.10E-02 0.951 2.69E-02 0.958 
^ 3.61E-02 0.942" 3.42E-02 j o j ^ _ 3 j 7 B j ^ 0.946 2.99E-02 0.952 2.56E-02 0.959 
T^ 3.56E-02 0.942 3.36E-02 0.945 3.29E-02~ 0.946 2.88E-02 0.953 2.44E-02 0.960 
^ 3.52E-02 0.941— 3.30E-02 " o ^ 3.21E-02 0.946 2.78E-02 0.953 2.32E-02 0.961 
i 5 3.47E-02 0 . 9 4 ^ 3.24E-02. ^ 3.13E-02 0.946 2.68E-02 0.954 2.21E-02 0.962 
2^ 3.43E-02 0.940 3.18E-02 0.944 3.06E-02~ 0.946 2.58E-02 0.954 2.11E-02 0.962 
i ^ 3.38E-02 j . 9 3 9 _ 3.12E-02 " ^ 9 4 4 2.98E-02 0.946 2 .49E-oT" 0.955 2.00E-02 0.963 
^ 3.34E-02 0.938 3.06E-02 0.943 2.91E-02~ 0.946 2.40E-02 0.955 1.91E-02 0.964 
i ^ 3.30E-02 " g ^ 3.00E-02 j ^ _ j j j g ^ g g _ 0.946 2 . 3 1 E ^ 0.956 1.82E-02 0.965 
i i 3.25E-02 0 . 9 3 7 2.95E-02 0.943 2 . 7 7 E - 0 ^ 0.946 2.23E-02 0.956 1.73E-02 0.966 
26 3.21E-Q2 0 . 9 ^ 2.89E-02 0.942 2.70E-02 0.946 2.15E-02 0.957 
^ 3.17E-02 0 . 9 3 ^ 2.84E-02 0.942 2.64E-02 0.946 2.07E-02 0.957 
^ 3.13E-02 0 . 9 ^ 2.78E-02 0.942 2.57E-02 0.946 2.00E-02 0.958 
^ 3.09E-02 " g ^ 2.73E-02 0.941 " T 5 1 E - 0 2 0.946 1.92E-02 0.958 
30 3.05E-02 0 . 9 3 ^ 2.68E.02 0.941 2.45E-02 0.946 1.85E-02 0-959 
^ 3.01E-02 "o.932 2.63E-02 0.941 2.39E-02 0.946 
^ 2.97E-02 "o.932 2.58E-02 0.940 2.33E-02 0.946 
^ i 2.94E-02 0.931 2.53E-02 0.940 2.27E-02 0.946 
M 2.90E-02~~0.930 2.49E-02 0.940 2.22E-02 0.946 
^ 2-86E-02 0.929 2.44E-02 0.939 2.16E-02 0.946 
36 2.82E-02 j j i s " 2.40E-02~ 0.939 2.11E-02 0.946 
: ^7 2.79E-02 "0.928 2 . 3 5 E - 0 ^ 0.939 2.06E-02 0.946 
S 2.75E-02 ^ . 9 2 7 2.31E-oT" 0.938 2.01E-02 0.946 
^ 2.72E-02 0.926 2.26E-02 0.938 
^ 2.68E-02 0.925 2.22E-02 0.938 
^ 2.65E-02 0.924 2.18E-02 0.937 
- 42 2.61E-02 0.923 2.14E-02 0.937 
43 2.58E-02 0.923 2.10E-02 0.937 ; 
: ^ 2.55E-02 0.922 2.06E-02 0.936 
4 i 2.51E-02"“^0.921 2.02E-02 0.936 
^ ^ _ ^ _ _ _ ^ ^ _ _ ^ _ _ . ^ ^ ^ _ _ _ ^ ^ _ _ _ _ _ ^ ^ « ^ « - « « « ~ . . . . ^ — ^ — — ^ ^ ^ — ~ — — ^ — ~ — ^ — ^ — " " " " - " ^ ^ " " " ^ " " " " " " " " " ^ ^ 
\ 46 2.48E-02 0.920 
i 47 2.45E-02 0.919 
I 4 8 — 2 . 4 2 E - 0 2 0 . 9 1 8 I 
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Table 16. (Continue) 
49 2.39E-02 0.917 
‘ ^ 2.36E-02 0.916 
51 2.33E-02 0.915 
‘ S 2.30E-02 0.914 
^ 2.27E-02 0.913 
54 2.24E-02 0.912 . 
55 2.21E-02 0.911 
^ 2.18E-02 0.910 
^ 2.15E-02 " o i o ^ 1.98E-02 ^ 1.96E-02 0.946 1.79E-02 0-959 1.65E-02 0.967 
true min availability 0.909 _ l ^ _ g j g ^ Z Z _ g j j g _ ^ 0.942 ^ 
i trueaverageco " i r " 94.431 75.882 6 8 ^ 7 ^ ! 2 : ! Z ? 
I efficiency 0.730 | 0.909 1.000 0.917 ——。.咖—— 
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Table 19. The minimum average cost and the optimal IRR policy as I, varies for exp(y). 
p 0.8 0.85 0.9* 0.95 _ 1 ‘ 
availability 一 0.944 0.946 — 0-946 0.948 0-950 
averagecost 一 72.950 70.869 68.971* 67.202 65.587 
number of inspection 38 5? — — — 
Si e Si Q S.- 9 Sj e Sj e 
1 5.76E-02 0.944 5.55E-02 ~0.946 5.55E-02 0.946 5.34E-02 0.948 5.13E-02 0.950 
2 4.52E-02 0.950 4.62E-02 0.949 4.89E-02" 0.946 4.96E-02 0.945 5.00E-02 0.945 
i 4.41E-02 0.950 4.51E-02 "^ j^_ j^^g2gi_gj j j_ i j^ i 0.945 4.88E-02 0.945 
4 4.31E-02 0.95^ 4.40E-02 CK9^ 4.65E-02 0.946 4.72E-02 0.945 4.76E-02 0.945 
5 4.20E-02 0.950 4.29E-02 0j49__4j4|^_0j46_ 4.60E-02 0.945 4.65E-02 0.945 
6 4.iOE-02 T ^ 4.19E-02 0 ^ 4.43E-02 0.946 4.49E-02 0.945 4.53E-02 0.945 
7 4.00E-02 0.9S7 4.09E-02 0 ^ ^ 4.32E-02 0.946 4.38E-02 0.945 4.42E-02 0.945. 
8 _ E - 0 2 j ^ ^ j g g j g _ j j ^ j ^ : ^ l g j 2 - 0.946 4.27E^ 0.945 4.32E-02 0.945 
9 3.81E-02 0.950 3.89E-02 "o.949 4.11E-oF 0.946 4.17E-02 0.945 4.21E-02 0.945 
^0 3 71F-02 Q.950 379| j2^ j^949 4 .0 1 E ^ 0.946 4.07E-02 0.945 4.11E-02 0.945 
U 3.62E-02 0.950 3.70E-02 "o.949 3.91E-oi" 0.946 3.97E-02 0.945 4.01E-02 0.945 
^i 3.53E-02 0.950 3.61E-02 "oj49^_3jg|2giij^ 3.87E-02 0.945 3.91E-02 0.945 
?3 :V45E-02 _gj^Jjggjg_jjj^_g^^ggjg^ 0.946 3.78E^ 0.945 3.81E-02 0.945 
U 3.36E-02 0.95^ 3.44E-02 0.949 3.63E-02 0.946 3.68E-02 0.945 3.72E-02 0.945 
^5 3.28E-02 0.950 3.35E-02 0.949 3.55E-02" 0.946 3.60E-02 0.945 3.63E-02 0.945 
^6 3.20E-02 0.950" 3.27E-02 _ o j ^ j ^ 4 6 | j 2 _ 0.946 3.51E-02 0.945 3.54E-02 0.945 
7^ i^7F-n? n95Q ^ J^9Ej2__0j4^Jj^2 0.946 3.42E-02 0.945 3.46E-02 0.945 
^8 3.05E-02 0.950 3.11E-02 0j49_Jj9Ej£_0j46__3j4E^ 0.945 3.37E-02 0.945 
^9 9 Q7F.07 Q.95Q jj4Ej2__0j49_j^22Ej2 0.946 3.26E-02 0.945 3.29E-02 0.945 
20 2.90E-02 0.950 2.96E-02 'o.949 3.13E-6i" 0.946 3.18E-02 0.945 3.21E-02 0.945 
2^  ？ fi:^F-n2 Q.95Q _2j9E202_jOj49_^j6Ej2 0.946 3.10E-02 0.945 3.13E-02 0.945 
^ 2.76E-02 0.950 2.82E-02 'o.949 2.98E-02" 0.946 3.02E-02 0.945 3.05E-02 0.945 
^ 0 fiQP-n9 nQ^ n _7_7SE£^jj^jj2Ej^ 0.946 2.95E-02 0.945 2.98E-02 0.945 
24 2.63E-02 0.950 2.69E-02 0.949 2.84E-02" 0.946 2.88E-02 0.945 2.91E-02 0.945 
25 7 f^ fiF-Q2 Q.95Q _ Z 6 2 | j g _ _ 0 j 4 9 _ j J ^ 2 0.946 2.81E-02 0.945 2.84E-02 0.945 
S 2.50E-02 0.950 _Z56Ej2 O.S^ 2.70E-02 0.946 2.74E-oT 0.945 2.77E-02 0.945 
^ 2.44E-02 0.950 2.49E-02 0.949 2.64E-0^ 0.946 2.67E-02 0.945 2.70E-02 0.945 
28 7 3RE-Q2 0.950 _Z43Ej^_0j4^_2j^02 0.946 2.61E-02 0.945 2.63E-02 0.945 
29 7 32E-Q2 Q.950 jj7|j2__0j49_j^5^2 0.946 2.54E-02 0.945 2.57E-02 0.945 
30 2.27E-02 0.950 2.32E-02 —0.949 2.45E-02" 0.946 2.48E-02 0.945 2.51E-02 0.945 
^ 2.21E-Q2 0.950 2 j 6 E j 2 ^ j j 4 9 2.39E-"5T 0.946 2.42E-02 0.945 2.45E-02 0-945 
^ 2.16E-02 0.950" 2.20E-02 0.949 2.33E-02 0.946 2.36E-02 0.945 2.39E-02 0.945 
‘ 33 2.10E-02 0.950" 2.15E-02 0.949 2.27E-oT 0.946 2.31E-02 0.945 2.33E-02 0.945 
^ 2.05E-02 0.950" 2.10E-02 0.949 2.22E-oY 0.946 2.25E-02 0.945 2.27E-02 0.945 
S 2.00E-02 0 . 9 5 0 " 2 . 0 5 E - 0 2 0 . 9 4 9 2.16E-02" 0 . 9 4 6 2.19E-02 0 . 9 4 5 2.22E-02 0 . 9 4 5 
~ ~ ^ 1.95E-02 0.95^ 2.00E-02 6 ^ 2.11E-02" 0.946 2.14E-02 0.945 2.16E-02 0.945 
^ 1.91E-02 _0j50^ .^95E-Q2 0.949 2.06E-^ 0.946 2.09E-02 0.945 2.11E-02 0.945 
S 1.86E-02 0.950 1.90E-02 0.949 2.01E-"5i" 0.946 2.04E-02 0.945 2.06E-02 0.945 
i ^ 1.81E-02 0.950 Jj5E-02 0.949 1.96E-^ 0.946 1.99E-02 0.945 2.01E-02 0.945 
true min availability 0.944 ~b.946 0.946 0.945269 0-944751 
true average cost 72.998 70.891 ^ j g j ^ 69.078 69.177 
efficiency ~ 9 4 5 0.973 1.000 0.998 0.997 
r 
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Table 18. The minimum average cost and the optimal IRR policy as p' varies for exp(y). 
P' 0.8 0.85 0.9* 0.95 1 一 
~~availability " ^ ^ 。侧 O j j g _ _ _ _ ？ ^ ？：??? 
average cost _ " ^ ^ = I j j j ^ _ _ _ g ^ j I g l ！ ^ ^ ^ — — 
number of inspection 35 36 ？! 1? — 
^ “ “ ~ ~ r ~ S: e Si e S, e ^ Q_ 
^ ; j ^ ^ ^ 3 ^ _ ^ _ ^ ; ^ ] ^ ^ j ^ - 0 2 0.946 5.34E-02 0.948 5.13E-02 0.95 
2 5.07E-02 0 . 9 4 ^ 4.89E-02 0 . 9 ^ 4.89E-02 0.946 4.70E-02 0.948 4.52E-02 0.95 
3 4 95E-02 0.944 4.77E-02 ~ 0 ^ 4.77E-02 0.946 4.59E-02 0.948 4.41E-02 0.95 
4 T s ^ T ^ 4.65E-02 0.946 4.65E-02 0.946 4.47E-02 0.948 4.30E-02 0.95 
5 ^ 7 i p Qo j ^ ^ _ ^ ^ ^ ] ^ f i 4 54E-Q2 0.946 4.37E-02 0.948 4.19E-02 0.95 
6 4 6QE-02 0 j ^ _ ^ - 0 2 ~ 0 ^ 4.43E-02 0.946 4.26E-02 0.948 4.09E-02 0.95 
7 4 49E-02 0.944 4.32E-02 " o ^ 4.32E-02 0.946 4.16E-02 0.948 3.99E-02 0.95. 
8 - : p ^ ^ ^ ^ j ^ j ; j ; ^ ^ ] ^ j ^ _ ^ - 0 2 0.946 4.05E-02 0.948 3.89E-02 0.95 
9 4.27E-02 0 . 9 4 ^ 4.11E-02 0 . 9 ^ 4.11E-02 0.946 3.95E-02 0.948 3.80E-02 0.95 
^ 4,16E-Q2 _ 0 j 4 r ^ E - 0 2 ~ 0 ^ 4.01E-02 o " ^ 3.86E-02 0.948 3.71E-02 0.95 
U 4.06E-02 _0.944 3.91E-02 " ^ ^ j £ [ g j g _ j j ^ 3.76E-02 0.948 3.62E-02 0.95 
^^ 3.96E-02 _ 0 j 4 T ^ E - 0 2 " o S 5 " 3.82E-02 0 ^ 3.67E-02 0.948 3.53E-02 0.95 
： ：^ 3.87E-02 0.944" 3.73E-02 _ o j ^ _ 3 J 3 E ^ 0.946 3.58E-02 0.948 3.44E-02 0.95 
U 3.77E-02 0 j 4 7 j j 3 E - 0 2 ~ 0 ^ 3.63E-02 0 ^ 3.50E-02 0.948 3.36E-02 0.95 
i ：^ ^ ^ g ^ ^ ^ _ 2 _ ^ ^ ^ ] j j ^ _ g j g g j g ^ 9 " ^ 3.41E-02 0.948 3.28E-02 0.95 
Ti 3.59E-02 _ 0 j 4 4 [ j ^ 6 E - 0 2 ~ 0 ^ 3.46E-02 o S s " 3.33E-02 0.948 3.20E-02 0.95 
^ 3.50E-02 _ 0 j 4 r ^ 3 7 E - 0 2 T ^ 3.37E-02 0 ^ 9 ^ 3.25E-02 0.948 3.12E-02 0.95 
^ 3.42E-02 0.944 3.29E-02 " 0 j 4 ^ _ 3 j 9 E j ^ _ 0 j ^ 3.17E-02 0.948 3.04E-02 0.95 
^ 3.33E-02 0.944" 3.21E-02 _ g j j ^ ^ j 2 g j ^ _ g j f g _ j j g g j ^ 0.948 2.97E-02 0.95 
^ 3.25E-02 _ 0 j 4 ^ j ^ 3 E - 0 2 " o ^ 3.13E-02 "o.946 3.01E-02 0.948 2.89E-02 0.95 
Y^ 3.17E-02 0.944" 3.06E-02 0.946 3.06E-02 0.946 2.94E-02 0.948 2.82E-02 0.95 
^ 3.10E-02 0 .94T 2.98E-02 _ g j j ^ _ g j g g j ^ _ g j j ^ _ j j ^ f 0.948 2.76E-02 0.95 
I i ^ 3.02E-02 0 . 9 4 7 2.91E-02 0.946 2.91E-02 0.946 2.80E-02 0.948 2.69E-02 0.95 
‘ ^ —2.95E-02 ~ 0 ^ 2.84E-02 _ g j ^ _ g j j g j ^ ^ _ g j j g _ ^ ^ g g j j 0.948 2.62E-02 0.95 
S 2.88E-02 0.944 2.77E-02 " 0 j ^ _ 2 7 7 g ^ _ 0 j ^ 2.66E-02 0.948 2.56E-02 0.95 
26 2.81E-02 0.944 2.70E-02 " 0 j 4 6 _ _ 2 J 0 | 2 ^ _ 0 j 4 ^ 2.60E-02 0.948 2.50E-02 0.95 
^ 2.74E-02 0.944 2.64E-02 " 0 j ^ _ 2 j 4 g j ^ _ 0 j 4 6 _ 2.54E-02 0.948 2.44E-02 0.95 
S 2.67E-02 0.944 2.57E-02 _ g j ^ _ g j ^ g j ^ _ g j j g _ j ^ ^ i ^ 0.948 2.38E-02 0.95 
29 2.61E-02 0 . 9 4 T 2 . 5 1 E - 0 2 _ g j j g _ _ g ^ [ g j g _ _ g j j g _ i ^ l i : ^ 0.948 2.32E-02 0.95 
蜜 ^ 2.54E-02 0.944 2.45E-02 "o.946 2.45E-0^ 0.946 2.35E-02 0.948 2.26E-02 0.95 
^1 0 AftF-n9 nQAd 2 j ; g F ^ _ Q j 4 6 _ _ 2 j 9 E j ^ 0.946 2.30E-02 0.948 2.21E-02 0.95 
^ 2.42E-02 0.944 2.33E-02 " o j 4 6 _ _ 2 j 3 | j ^ _ O j 4 6 _ 2.24E-02 0.948 2.15E-02 0.95 
‘ 33 2.36E-02 0 . 9 ^ 2.27E-02 "o.946. 2.27E-02 0.946 T T o i ^ 0.948 2.10E-02 0.95 
M 2.30E-02 0.944 2.22E-02 " o j 4 6 _ _ 2 j 2 | j ^ _ O j 4 6 _ 2.13E-02 0.948 2.05E-02 0.95 
一 ^ 2.25E-02 0.944 2.16E-02 _ ^ j j g _ _ g ^ [ g g j ^ _ g j j g _ 2.08E-02 0.948 2.00E-02 0.95 
^ 2.l1E-02 0.946 2.11E-oi" 0.946 2.03E-02 0.948 1.95E-02 0.95 
^ 2.06E-02 " ^ 9 4 6 1.98E-0^ 0.948 1.90E-02 0.95 
^ 2.01E-02 0 . ^ 1.93E-02 0.948 1.86E-02 0.95 
^ 1.89E-02 0.948 1.81E-02 0.95 
J5 1.84E-02 0.948 1.77E-02 0.95 
: ~ ： ^ 1.72E-02 0.95 
； ^ 1.68E-02 0.95 
i ^ 7 i Q F . n 7 n Q 4 4 2 Q6E-Q2 0 . 9 4 6 1 . 9 6 E - 0 2 0 . 9 4 6 1 . 7 9 E - 0 2 0 . 9 4 8 1 . 6 4 E - 0 2 0 - 9 5 
厂 ''" 
true min availability 0.944 0.946 0.946 0.948 ^ 
� true average cost 69.148 “ 69.003 68.972 69.001 69.210 
I efficiency 0.997 1.000 1.000 1.000 0 . 9 9 7 ^ I ‘ 66 
T a b l e 19. The minimum average cost and the optimal IRR policy as I , varies for exp(y). 
1 0 25 0.375 0.5* 0.625 0.75 _ 
availability " 5 i ^ " ^ 0 ^ 2 :? !^ ？ ^ 
a v e r a g e c o s t — " " i 5 ! i ^ = _ j i g g g L 6 8 . 9 7 2 * 7 2 . 6 1 6 7 ^ 
number of inspection 46 j 2 ？? 55 — 
i ； ~ ~ ~ j ~ — s : “ e 5丨 e Sj 9 Sj Q _ 
^ >1 r^of-no r ^ _ ^ j n ^ l [ 9 5 Q 5.55E-02 0.946 5.76E-02 0.944 5.98E-02 0.942 
2 4.33E-02 0.952 4.52E-02 " o ^ 4.89E-02 0.946 5.07E-02 0.944 5.26E-02 0.942 
3 4.22E-02 0 j 5 F j M 1 E - 0 2 ~ 0 ^ 4.77E-02 "o.946 4.95E-02_ 0.944 5.13E-02 0.942 
4 4.12E-02 0 j 5 ^ j O 0 E - 0 2 " o 9 ^ 4.65E-02 "o.946 4.83E-02" 0.944 5.01E-02 0.942 
5 4.02E-02 0 j 5 T j ^ 9 E - 0 2 "a950" 4.54E-02 0.946 4.71E-02 0.944 4.89E-02 0.942 
^ 3.92E-02 0.952 4.09E-02 " a ^ _ 4 4 3 I ^ ^ O j 4 6 _ 4.60E-02 0.944 4.77E-02 0.942 
7 3.83E-02 0j5^_3j^9E-02 0 . 9 ^ 4.32E-02 0 . ^ 4.49E-02 0.944 4.65E-02 0.942 
8 3.73E-02 0.952 ^ 9 E - 0 2 " 0 9 ^ 4.21E-02 0.946 4.38E-02 0.944 4.54E-02 0.942 . 
i 3 64E-02 0 j 5 2 " 3 j 0 E - 0 2 " o i s o " 4.11E-02 "o.946 4.27E-02_ 0.944 4.43E-02 0.942 
T5 ? c � _ n , ^ ^ 2 Z ^ ^ j j ^ j ^ j 2 g : g g ^ . i ^ 4 . 1 6 E - 0 2 0.944 4.32E-02 0.942 
U 3 47E-02 0.952 3 j2E-02 0 . ^ 3.91E-02 0.946 4.06E-02 0.944 4.21E-02 0.942 
?2 3 38E-02 0 j 5 f 3 j 3 E - 0 2 0 . 9 ^ 3.82E-02 0 . ^ 3.96E-02 0.944 4.11E-02 0.942 
n 7 > > n c _ n , _ r ^ j ^ ^ ^ ^ ^ j j ^ ^ ^ ^ g g ^ j : i ^ 3 . 8 7 E - 0 2 0.944 4.01E-02 0.942 
U 3.22E-02 0.952 3.36E-02 " o ：^ 3.63E-02 "o.946 3.77E-02 0.944 3.91E-02 0.942 
T^ 3.14E-02 0 j 5 ^ j ^ 2 8 E - 0 2 " o ^ 3.55E-02 "o.946 3.68E-02" 0.944 3.82E-02 0.942 
^ 3 06E-02 0 j 5 2 " 3 j 0 E - 0 2 1 ^ 3.46E-02 "o.946 3.59E-02_ 0.944 3.72E-02 0.942 
U 2.99E-02 0 j 5 f j ^ 2 E - 0 2 0 .95^ 3.37E-02 0 . 9 ^ 3.50E-02 0.944 3.63E-02 0.942 
Ti 2.92E-02 0 j 5 ^ ^ 4 E - 0 2 " o ^ 3.29E-02 0.946 3.42E-02 0.944 3.54E-02 0.942 
T9 2.85E-02 0.952" 2.97E-02 0.950 j £ ^ E ^ ] o j 4 6 _ j j 3 | j 2 " 0.944 3.46E-02 0.942 
^ 2.78E-02 0 j 5 T 2 j 9 E - 0 2 " o ^ 3.13E-02 0.946 3.25E-02 0.944 3.37E-02 0.942 
2^ 2.71E-02 0.952 2.82E-02 " o i i o " 3.06E-02 "o.946 3.17E-02 0.944 3.29E-02 0.942 
i i 2.64E-02 0 j 5 2 j ^ E - 0 2 " o i ^ 2.98E-02 "o.946 3.10E-02_ 0.944 3.21E-02 0.942 
23 2.58E-02 0.952 _ 2 j 9 E j ^ 0 . ^ 2.91E-02 0.946 3.02E-6I 0.944 3.13E-02 0.942 
i ^ 2.51E-02 0 j 5 T j j 2 E - 0 2 " o i s o " 2.84E-02 "o.946 2.95E-02_ 0.944 3.06E-02 0.942 
i i 2.45E-02 0 j 5 r j j 6 E - 0 2 " o i s o " 2.77E-02 "o.946 2.88E-02" 0.944 2.98E-02 0.942 
26 2.39E-02 0 j 5 F j ^ 5 0 E - 0 2 " a 9 5 ^ 2.70E-02 "o.946 2.81E-02_ 0.944 2.91E-02 0.942 
27 o ^vic-no n o " 2 j ^ ^ ^ ] ^ j ^ _ g ^ g j g ^ _ g j j g ^ 2.74E-"5r 0.944 2.84E-02 0.942 
28 2.28E-02 0.952 _ 2 j 8 E j 2 0 . ^ 2.57E-02 0.946 2.67E-oT 0.944 2.77E-02 0.942 
29 , , , c _ f T ) _ 2 _ 2 ^ ^ J ^ ; ^ ] ^ j g g _ ^ : g l g j g ] _ g j ^ j . 6 1 E - " ^ 0.944 2.70E-02 0.942 
30 2.17E-02 0.952" 2.26E-02 j j ^ j ^ j g g ^ _ g j j g _ j j f g j ^ 0.944 2.64E-02 0.942 
3^ 2.12E-02 0.952 j^21E-02 " o i ^ 2.39E-02 0.946 2.48E-"oT 0.944 2.57E-02 0.942 
32 2.06E-02 0.952 j ^ ] 5 E j 2 0 . ^ 2.33E-02 0.946 2.42E-oT 0.944 2.51E-02 0.942 
33 2.01E-02 0.952 2.10E-02 " o i s T 2.27E-02 0.946 2.36E-oT 0.944 2.45E-02 0.942 
34 1.96E-02 0.952 2.05E-02 0.950 2 . 2 2 g j ^ _ g j f g ^ j j ^ | j ^ _ g j j i 
： 35 1.92E-02 0.952 2.00E-02 0.950 2.16E-02 0.946 2.25E-02 0.944 
36 1.87E-02 0 .95^ 1.95E-02 0.950 2.11E-02 0.946 
37 1.82E-02 0 . 9 ^ 1.90E-02 0.950 2.06E-02 0.946 
38 1.78E-02 O.95F 1.86E-02 0.950 2.01E-02 0.946 
39 1.74E-02 0.952 1.81E-02 0.950 
40 1.69E-02 ^ 9 5 2 1.77E-0^ 0.950 
^ 1.65E-02 0.952 1.72E-pr 0.950 
^ 1.61E-02 下.952 1.68E-02 0.950 
43 1.57E-02 0.952 
44 1.53E-02 ~ 0 ^ 
45 1.50E-02 "a952" 
46 1.46E-02 0.952 
i；；；； 1.43E-02 0.952" 1.64E-02 0.950 1.96E-02" 0.946 2 . 1 9 E ^ 0.944 2.39E-02 0.942 
true min availability 0 . 9 ^ 0.950 0.946 ~ _ O j 4 4 0 ^ 
true average cost 69 .787 " 69.210 68.972 69.148 69.481 






Table 20. The minimum average cost and the optimal IRR policy as。丨 varies for exp(y). 
0 0 75 1.125 1.5* 1.875 | 2 .25 
^^^^ " ^ ^ " ^ ^ ^ 5：?^? ^ 
a v e r a g e c o s t : I j ^ Z Z I j ^ ^ 6 8 . 9 7 2 * 7 0 . 5 6 2 7 2 ^ 
number of inspection 41 39 ？? ?Z — 
i； " ^ Sj 9 s, e Sj e _ _ ^ ^ 
1 r^  >^ >|F-^ ^ r ^ ^ j ^ ^ T i ^ 8 5.55E-02 0.946 5.55E-02 0.946 5.55E-02 0.946 
2 4 70E-02 0.948 4.70E-02 T ^ 4.89E-02 ~ 0 ： ^ 4.89E-02 0.946 4.89E-02 0.946 
i 4 59E-02 0.948 4.59E-02 " o ： ^ 4.77E-02 " 0 9 ^ 4.77E-02 0.946 4.77E-02 0-946 
4 4 47E-02 0.948 4.47E-02 T ^ j 4 ^ 6 5 | j i j j 4 ^ 4.65E-02 0.946 4.65E-02 0.946 
5 4 37E-02 0 . 9 4 8 " T 3 7 l ^ T i ^ 4.54E-02 0.946 4.54E-02 0.946 4.54E-02 0.946 
6 1 -BF n? o ° ^ p ^ i ^ g ^ T o ^ ^ E - Q 2 0 . 9 4 ^ 4.43E-02 0.946 4.43E-02 0.946 
7 1 l f iF n - nq>io > i i g ^ j W _ 4 _ g 2 g - Q 2 " 0 9 ^ 4.32E-02 0.946 4.32E-02 0.946 
i T ^ ^ ^ F T ^ T ^ ^ ^ ; ; ^ _ ; ^ _ i 2 1 E - 0 2 " 0 9 ^ 4.21E-02 0.946 4.21E-02 0.946 
9 3 95E-02 0 . 9 4 ^ 3.95E-02 0 . 9 ^ 4.11E-02 0.946 4.11E-02 0.946 4.11E-02 0.946 
^ 3 86E-02 O.94F 3.86E-02 _ O j ^ j 4 ^ 2 E ^ 0-946 4.01E-02 0.946 4.01E-02 0.946 
u T r e e ^ T ^ 3.76E-02 _ o j ^ j £ [ E j 2 _ j j 4 £ 3.9iE-02 0.946 3.9iE-02 0.946 
^ 3 67E-02 0.948 3.67E-02 " o ^ 3.82E-02 0.946 3.82E-02 0.946 3.82E-02 0.946 
^ :^ 58E-Q2 0.948 3j8Ej2^_0.948 3.73E-02 0.946 3.73E-o7 0.946 3.73E-02 0.946 
U 3 50E-02 0.948 3j0E-02 ~ 0 ^ 3.63E-02 0.946 3.63E-o7 0.946 3.63E-02 0.946 
Ti 3.41E-02 0.948~ 3.41E-02 " 0 9 ^ 3.55E-02 "5.946 3.55E-02 0.946 3.55E-02 0.946 
T5 3 33E-02 0.948 3.33E-02 " g ^ j ^ 4 6 ^ ^ 0 j 4 ^ 3.46E-02 0.946 3.46E-02 0.946 
^ 3 25E-02 0.948~ 3.25E-02 _ 0 j 4 r ^ j 7 | j 2 _ _ 0 j 4 6 _ 3.37E-02 0.946 3.37E-02 0.946 
? i 3 17E-02 0 j 4 T 3 ^ 7 E - 0 2 " 0 9 ^ 3.29E-02 o i ^ 3.29E-02 0.946 3.29E-02 0.946 
Ti 3 09E-02 0.948 3.09E-02 T ^ 3.21E-02 0.946 3.21E-02 0.946 3.21E-02 0.946 
i 5 3.01E-02 0.948 3.01E-02 T i ^ 3.13E-02 0.946 3.13E-02 0.946 3.13E-02 0.946 
Y^ 2.94E-02 0.94i" 2.94E-02 _ j j j g _ ^ l g g g j g _ 0.946 3.06E-02 0.946 3.06E-02 0.946 
i ^ 2 87E-02 0.948 ^ E - 0 2 0,948 2.98E-02 0.946 2 . 9 8 E - ^ 0.946 2.98E-02 0.946 
i 5 , o n c _ r v ^ ^ ; i 2 ^ ^ ; j ^ _ g _ g ^ ^ j 2 g : ^ 0.946 2.91E-02 0.946 2.91E-02 0.946 
i ^ 2.73E-02 0.94i" 2.73E-02 _ 0 ^ 2 M E ^ 0.946 2.84E-02 0.946 2.84E-02 0.946 
i i 2.66E-02 0.94i" 2.66E-02 j j j ^ ^ ^ ^ ^ g ^ _ g j j g _ _ ^ ^ ^ ^ 7 0.946 2.77E-02 0.946 
26 2.60E-02 0.948 ^ 0 E - 0 2 " o ^ 2.70E-02 0.946 2.70E-"02" 0.946 2.70E-02 0.946 
27 2.54E-02 0.948 j j 4 E - 0 2 0.948 2.64E-02 0.946 2.64E-"oI 0.946 2.64E-02 0.946 
28 2.47E-02 0.948 j^47E-02 0.948 2.57E-02 0.946 2 . 5 7 ^ 0.946 2.57E-02 0.946 
29 7^iF-n? noAft 7 41F-02 j j ^ j j 2 g j 2 0.946 2.51E-02 0.946 2.51E-02 0.946 
^ ？^^^-no ^ ; _ g ^ 2 _ ; ^ g ^ j j ^ j ^ ^ g g j g _ _ ^ j j g _ j : j g g j 3 i 0-946 2.45E-02 0.946 
3^ 2.30E-02 0 .94F 2.30E-02 0.948 2.39E-02 0.946 2.39E-02 0.946 2.39E-02 0.946 
32 2.24E-02 0.948 ^ 4 E - 0 2 0.948 2.33E-02 0.946 2.33E-"oT 0.946 2.33E-02 0.946 
^ 2.19E-02 0.948 2.19E-02 "o.948 2 . 2 7 E - ^ 0.946 2.27E-02 0.946 2.27E-02 0.946 
34 2.13E-02 0.948 2.13E-02 " o ^ 2 .22E-02__0j46__2j2|j2_ 0.946 2.22E-02 0.946 
35 2.08E-02 0.948 2.08E-02 0.948 2.16E-02 0.946 2.16E-02 0.946 2.16E-02 0.946 
^ 36 2.03E-02 0.948 2.03E-02 "o.948 ,2.11E-02" 0.946 2.11E-02 0.946 2.11E-02 0.946 
37 1.98E-02 _0.948 1.98E-02 0.948 2.06E-02 0.946 2.06E-02 0.946 
38 1.93E-02 0.948 1.93E-02_ 0.948 T o l E - 0 2 0.946 
39 1.89E-02 0.948 1.89E-02" 0.948 
40 "l.84E-02 "^.948 
41 1.79E-02 0.948 — 
i；^ 1 7^F-n7 n QAR J _ 8 4 E ^ ] o j 4 r 2 . 9 6 E - o T 0.946 2.01E-02 0.946 2.06E-02 0.946 
true min availability 0.9480 ^ j j 4 8 0 _ ^ j j j 6 0 _ 0.9460 0 . _ 
true average ^ ^ i T " 69.032 68.98T" 68.972 68.980 69.003 
efficiency 0.999 1.000 1.000 | 1.000 1.000 
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